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THE PHYSICO-CHEMICAL CONDITIONS OF 
ANESTHETIC ACTION? 

UNDER certain well-defined artificial con- 
ditions, as well as under some that are nor- 
mal, the living system—-organism, tissue or 
cell—becomes temporarily inactive and ir- 
responsive to stimuli. When such an arti- 
ficially induced state of inhibition is well 
marked and lasting it is called anesthesia, 
or in a somewhat more restricted sense, 
nareosis. This condition may last for hours 
or even days, but apparently not indefi- 
nitely; and when it passes off the normal 
vital activities and properties return un- 
impaired. This apparently complete rever- 
sibility is one of the most remarkable fea- 
tures of anesthesia, and distinguishes it 
from death—a perhaps related but char- 
acteristically irreversible change. The 
terms ‘‘anesthesia’’ and ‘‘narcosis’’ are 
somewhat differently applied, although 


they have the same essential significance ; 


the former relates to any temporarily in- 
sensitive condition, however produced, 
while ‘‘narcosis’’ usually means an an- 
esthesia produced by chemical substances. 
I shall use the term anesthesia through- 
out the present address to designate any 
temporary or reversible lowering or loss 
of the normal vital responsiveness, or of 
the normal automatie vital activity, under 
the influence of certain artificial sub- 
stances or conditions. Anesthesia, as thus 
defined, may be exhibited by the most 
various organisms and cells, if not by 
all. It is fully as characteristic of plant 
eells as of animal cells, although its mani- 
festations may be less obvious and striking 


‘Lecture given before the Chemical Society of 
Waslrington, April 11, 1913. 
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in the former group of organisms. In its 
most familiar aspect the complete organism, 
é. g., a4 man, or an isolated living tissue, as 
a nerve or muscle, fails during anesthesia 
to show any response to a stimulus which 
normally excites it strongly. In other 
words, the capability of responding to stim- 
uli—what we eall ‘‘irritability’’—is in 
anesthesia diminished or lost. When the 
condition passes off the normal responsive- 
ness returns unimpaired. Thus a muscle 
exposed to ether vapor soon ceases to con- 
tract on stimulation; under the same con- 
ditions a nerve ceases to conduct; in motile 
plants like sensitive plants the characteris- 
tie osmotic motor mechanisms cease to act. 
Automatic activities like ameboid move- 
ment, ciliary movement, protoplasmic flow- 
ing, cell division, and growth may also be 
brought temporarily to a rest by anesthet- 
ics. Claude Bernard showed long ago that 
seedlings ceased growth in an ether-impreg- 
nated atmosphere, and resumed it when the 
ether was removed. Fertilized egg-cells 
cease to divide in the presence of an anes- 
thetic in appropriate concentration, al- 
though they remain living and proceed with 
eell-division and development when the an- 
esthetic is removed. Other less evident cell- 
processes, including metabolism, are simi- 
larly affected; the rate of oxidation is 
usually slowed during anesthesia, though 
there are exceptions to this rule. 

It should be remembered that such de- 
erease of the vital activity or responsiveness 
is not a solely artificial phenomenon. Con- 
ditions physiologically resembling anes- 
thesia occur normally in the life of many 
organisms ; sleep is in fact a kind of physio- 
logical regularly recurring narcosis due ap- 
parently to accumulation of certain meta- 
bolic products in the blood or tissues, 
Again, all irritable tissues lose their re- 
sponsiveness for a brief period following 
excitation ; this is the so-called ‘‘refraetory 


[N.S. Vou. XXXVII. No. 965 


period,’’ which has been compared with 
narcosis by some physiologists. The re- 
semblance in this case is probably superfi- 
cial; but I call attention to this phenome- 
non in order to show once more that tempo- 
rary loss of irritability may oceur under 
normal or physiological conditions as well 
as under artificial. There are also note- 
worthy resemblances between narcosis and 
fatigue. Thus the degree of irritability of 
a tissue may vary within a wide range 
under normal as well as artificial condi- 
tions. 

We shall first inquire under what gen- 
eral conditions irritable tissues undergo re- 
versible decrease or loss of irritability. 
These conditions are various. One of them 
is cold. The living system operates within 
a narrow range of temperature. Most irri- 
table tissues or cells become less responsive 
or lose irritability as the temperature ap- 
proaches zero. In a muscle or nerve of a 
cold-blooded animal the ability to respond 
to stimulation is not necessarily decreased 
by a moderate reduction of temperature— 
in fact, slight cooling may increase the irri- 
tability of nerve: the tissue responds in the 
typical manner, but the rate of the response 
—as indicated by the duration of the single 
contraction in muscle or of the electrical 
variation in nerve—is always decreased, 
typically to a degree corresponding to the 
usual temperature-coefficient of chemical 
reaction-velocity. In the neighborhood of 
zero stronger stimuli becomes necessary to 
elicit a response, and eventually none may 
appear. Different organisms vary in these 
respects. In some animals, as tropical 
meduse, irritability is abolished or greatly 
lowered at a temperature considerably 
above zero. The same is true of warm- 
blooded animals. On return to normal tem- 
perature irritability is restored. 

Another condition producing effects re- 
sembling anesthesia is lack of oxygen. This 
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retards or arrests activity in many cases; 
e. g., the nerve cells of vertebrates are very 
susceptible to lack of oxygen; nerve trunks, 
on the other hand, are relatively insuscep- 
tible. Cell-division—e. g., in developing 
egg-cells—usually ceases if the oxygen sup- 
ply is insufficient. Contractile activities 
are decreased or abolished. Many organ- 
isms, however, show only slight immediate 
effects ; this is true of many Protozoa; Vor- 
ticelle, for instance, remain contractile for 
some time after simple removal of oxygen 
from the medium, although they are at 
once paralyzed by anesthetics. Such facts 
oppose the view held by Verworn and 
others, that the anesthetic acts primarily 
on the oxidative mechanism of the cell. It 
is true that the rate of oxidations in active 
tissues is lowered during anesthesia, but 
this effect is rather a consequence than a 
cause of the lessened activity. Obviously 
wherever free oxygen is necessary to the 
normal activities of a tissue its withdrawal 
will arrest those activities. But the effects 
produced by lack of oxygen are not to be 
identified with anesthesia because of such 
incidental resemblances. 

There are also a number of physical con- 
ditions that may deprive a cell temporarily 
of irritability. Thus mechanical shock may 
have this effect, which, however, is prob- 
ably to be regarded as essentially a conse- 
quence of over-stimulation, causing abnor- 
mal prolongation of the refractory period.* 
The same is probably true of the insensi- 
bility produced by strong electrical cur- 
rents. Under certain conditions, however, 
the electrie current may produce effects 
closely resembling typical anesthesia. 
This occurs when a weak constant current 
is passed through an irritable tissue like 
muscle or nerve; during the flow of the 

*This apparently corresponds to the period of 


increased permeability and depolarization accom- 
panying stimulation. 
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current the irritability of the tissue is modi- 
fied in the neighborhood of the two elee- 
trodes, being heightened at the cathode 
and lowered at the anode; and in this latter 
region the nerve may become completely 
insensitive to stimuli that ordinarily cause 
strong excitation. The inexcitable state 
thus produced is called ‘‘anelectrotonus’”’ ; 
it is in reality a form of local anesthesia, 
and as such has been employed for the alle- 
viation of pain in sciatica and similar con- 
ditions. Muscle is affected in a similar 
manner; the frog’s heart may thus be rend- 
ered locally incapable of contraction, as in 
the simple class-experiment familiar to all 
physiologists. This action of the current 
probably depends on its altering the elec- 
trical polarization normal to the membranes 
of the irritable elements—only in a direc- 
tion the inverse of that causing stimula- 
tion.* There is much evidence that the 
state of polarization of the semipermeable 
membranes bounding the irritable elements 
is an important factor in determining the 
degree of responsiveness to stimulation; 
the facts of electrotonus indicate that by 
altering the polarization by an external 
current the irritability of the tissue may be 
changed in the direction either of increase 
or of decrease. 

Irritability may, however, be more read- 
ily modified by the use of chemical sub- 
stances than by any other means, and, as is 
well known, many such substances are in 
daily use in medical and surgical practise 
for procuring local or general insensibility 
to pain—hence the application of the 
name ‘‘anesthetic’’ to the large class of 
substances possessing this property. When 
we inquire into the chemical nature of such 
substances we find that anesthetic property 
is confined to no special class, but is ex- 


*J, ¢. reinforcing instead of diminishing the 
normal or physiological polarization of the mem- 


branes. 
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hibited by substances of the most diverse 
chemical character. Acids in low concen- 
tration depress the irritability of many 
tissues; in some cases alkali has this effect; 
gases like carbon dioxide and nitrous oxide 
have marked anesthetic action ; solutions of 
magnesium, calcium and strontium salts 
cause local anesthesia in frog’s muscle and 
nerve; pure solutions of sugar and other 
indifferent non-electrolytes have similar 
effects; in these tissues irritability depends 
on the presence of certain electrolytes, espe- 
cially sodium salts, in the media and re- 
turns on replacing the tissues in solutions 
containing these salts. But the most sig- 
nificant relationships are seen in the case 
of the large class of substances, differing 
widely in chemical constitution and prop- 
erties, which possess in common the phys- 
ical property of dissolving fats or of dis- 
solving in fats. These substances include 
the majority of the anesthetics in common 
use, as ether, chloroform, ethyl chloride, 
urethane, ete. The connection between fat- 
dissolving power and anesthetic property 
was in fact early recognized—first by 
Bibra and Harless in 1847; and this rela- 
tionship is of great physiological signifi- 
cance, since it indicates that the anesthetic 
is selective in its action on the cell constitu- 
ents, and produces its effects by changing 
the state of fatty or fat-like substances in 
protoplasm. It indicates further that the 
state of these substances determines the de- 
gree of irritability of the cell. All cells, so 
far as known, contain such substances; 
they are the so-called ‘‘lipoids’’ which in- 
clude lecithin and cholesterin, and various 
other ether-soluble compounds of usually 
complex constitution. Historically these 
substances were first grouped into a class 
simply on account of their fat-like solubili- 
ties, so that they form, chemically speaking, 
a somewhat heterogeneous group, some 
members of which, as cholesterin, are not 
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fats in any sense. Others, as lecithin, are 
more closely related to the fats proper, 
They appear to be invariable constituents 
of protoplasm—a fact which in itself is not 
surprising in view of the amino-acid consti- 
tution of proteins: since proteins are 
largely derivatives or condensation-com- 
plexes of amino-fatty acids, fat-like syb- 
stances might be expected to appear in cells 
during metabolism. It is clear, however, 
that these substances are not mere by-prod- 
ucts of protein metabolism, or reserve ma- 
terial like fats, but play a fundamental réle 
in cell-processes; the profound physiolog- 
ical effects produced by all lipoid-solvent 
substances are a sufficient proof of this, al- 
though regarding the precise nature of this 
role we know little as yet. In some intimate 
way the lipoids appear to be essential to 
the irritability of the cell, and altering 
their state causes corresponding changes of 
irritability. 

About fifteen years ago Overton and 
Hans Meyer investigated the relation be- 
tween the lipoid-solvent power of a large 
number of organic anesthetics and the in- 
tensity of their narcotic action, and reached 
independently the conclusion that the 
chief factor determining this action was 
the value of the partition-ratio of the an- 
esthetic between water and a typical lipoid 
like lecithin. That is, for any series of 
lipoid-soluble compounds the narcotic ac- 
tion increases as the lipoid-solubility in- 
creases and the water-solubility decreases. 
These two solubilities usually show an in- 
verse relation to each other. Now, the view 
that this form of anesthetic action depends 
essentially upon a modification of the cell- 
lipoids—which was put forward simultane- 
ously and independently by Overton and 
Meyer—is undoubtedly well founded, and 
is accepted by most physiologists, even 
although in the absence of any definite and 
final knowledge of the physiological role 
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of these cell-constituents it is far from 
being a complete theory of anesthesia. 
Such a theory would evidently involve a 
complete theory of stimulation, and this 
ean hardly be said to exist as yet. It is, 
however, possible, I believe, to gain further 
insight into the nature of anesthetic action 
by combining the results of these and simi- 
lar experimental studies of anesthesia with 
the results of certain more recent studies of 
the nature and conditions of the process of 
normal stimulation. It is necessary to 
form some clear conception of the nature of 
the changes involved in stimulation before 
we can profitably consider the question of 
just how the stimulation-process is modi- 
fied by the presence of the anesthetic. 
Before considering in more detail the 
mechanism of stimulation and of its modi- 
fication by anesthetics, let us first consider 
briefly the nature of the physico-chemical 
constitution of the living cell, as more re- 
cent research has led us to conceive of it. 
This is a subject which is not easy to sum- 
marize, and on which much light remains 
to be thrown. It is clear, however, that the 
living protoplasm is not a homogeneous so- 
lution, but is a ‘‘polyphasic system’’; 1. 
a mixture consisting of various substances 
and solutions which are only partly mis- 
cible with one another, and are thus inter- 
related like the different phases of an emul- 
sion or similar system. These several 
phases, which are. partly solid, partly 
liquid, appear in each living cell to have a 
constant and definite arrangement, whose 
exact nature varies characteristically from 
cell to cell. There appears typically to be 
a solid or semi-solid structural substratum 
consisting of colloidal material, most of 
which is in a water-swollen or hydrated 
state; in addition to this more fixed and per- 
manent part of the cell-organization, numer- 
ous simpler substances are present—sugars, 
salts, amino-acids and others—largely in a 
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state of simple aqueous solution, but prob- 
ably partly adsorbed at the surfaces of the 
colloidal phases. There is evidence that it is 
by the oxidation of certain of these sub- 
stances, especially sugar, rather than of the 
colloidal material, that most of the energy 
manifested in the cell-processes is set free. 
The colloidal substratum furnishes the con- 
ditions under which the energy-yielding 
oxidations and other metabolic changes 
take place, and apparently determines 
their course, character and velocity. The 
solid colloidal material of the cell may in 
one sense be considered as by-product of the 
metabolic activities of the protoplasm; it 
appears, once formed, to undergo itself 
relatively slight change, but to influence 
profoundly, by its presence and arrange- 
ment, the character of cell-metabolism.* 
The colloids are of varied chemical nature ; 
they are chiefly proteins and lipoids, and 
it is to be noted that they are built up by 
various forms of molecular union and 
polymerization from relatively simple sub- 
stances furnished by the environment. 
This is true not only of plants, but also of 
the individual cells of higher animals, 
where the material which goes to form pro- 
teins reaches the cell in the form of amino- 
acids, or of simple polypeptides. In gen- 
eral it is from such amino-acids together 
with salts and carbohydrates that the cell 
builds up the colloids which form its char- 
acteristic structural apparatus. This ap- 
pears highly complex in some forms of irri- 
table tissue, as in voluntary muscle; in 
others, as in nerve, the essential structure 
appears relatively simple. What we call 
the ‘‘structural organization’’ of the cell is 
merely another name for the physical char- 


‘Cf. Child’s interesting discussion of the rela- 
tion between metabolism and structure in the 
Journal of Morphology, Vol. 22, 1911, p. 173. 

‘Cf. Folin’s recent papers in the Journal of 


Biological Chemistry. 
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acteristics and arrangement of the solid col- 
loidal material. 

However simply organized a cell may 
seem, there are certain elements of struc- 
ture which appear always to be present, and 
to play a fundamentally important réle in 
stimulation and in other life-processes. 
These are the membranes. Most, if not all, 
living cells are delimited from the medium 
in which they live by thin semi-permeable 
colloidal surface-films, the so-called plasma- 
membranes. Similar semi-permeable parti- 
tions are often found in the cell-interior, 
é. g., about nuclei, vacuoles, chromato- 
phores, and other structures. They appear 
to be formed of the same colloids as the 
other protoplasmic structures, namely, pro- 
teins and lipoids. These colloids, like many 
other organic substances, have, when dis- 
solved in water, a marked influence in low- 
ering the surface-tension of the solvent. 
Any substance thus acting tends, by the 
operation of Gibbs’s principle, to collect or 
condense on the free surfaces; if the sub- 
stance is colloidal in nature it may there 
pass out of solution and form a solid sur- 
face-film or membrane; and it is probably 
under conditions essentially like these that 
the cell-membranes are formed. Artificial 
membranes similar in many of their prop- 
erties to the plasma or nuclear membranes 
of cells may be formed in protein solutions 
about droplets of chloroform, mercury or 
other water-immiscible substances. Now 
the plasma-membranes of irritable cells un- 
doubtedly play a fundamentally important 
part in stimulation, as will be seen below, 
so that it will be necessary to consider first 
some of the essential properties of these 
membranes before passing to the considera- 
tion of the stimulation-process itself and its 
modification by anesthetics. 

The plasma-membranes are typically 
semi-permeable structures—so much so that 
living cells form in many cases the most 
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convenient and rapidly acting osmometers 
that we possess. If we place living cells, 
like plant-cells or blood corpuscles, in go- 
lutions of sugars, neutral salts and various 
other substances not in themselves immedi- 
ately injurious to the cells, osmotic effects 
result from which the osmotic pressure of 
the solution relatively to that of the cell- 
contents can be estimated with great aceu- 
racy—as the researches of de Vries, Over- 
ton, Hedin and many others have shown. 
Two provisos are necessary in making use 
of living cells as osmometers: first, the dis- 
solved substance must not by its own ac- 
tion impair the semi-permeability of the 
membrane, and second, it must not appre- 
ciably penetrate the membrane during the 
time occupied by the experiment. The 
plasma-membranes are in fact semi-perme- 
able only in relation to certain classes of 
substances ; towards others they show them- 
selves freely permeable, and the character 
of these substances is important, because 
indication is thus afforded of the chemical 
nature of the materials composing the mem- 
branes. This is a matter of fundamental 
importance in the theory of anesthesia. 
Let us take for example a tissue composed 
of typical irritable cells, such as a frog’s 
voluntary muscle. In studying the osmotic 
properties of this tissue, Overton found 
many years ago that the cells behaved in 
solutions of certain substances as if they 
were enclosed by strictly semi-permeable 
membranes; the chief of such substances 
are sugars, neutral salts, polyatomic alco- 
hols like mannite, and amino-acids like 
glycocoll; but toward a large series of 
mainly organic substances, including alco- 
hols, esters, aldehydes, hydrocarbon-deriva- 
tives and others, the membranes behaved 
as if freely permeable. Thus in an m/8 
(0.7 per cent.) solution of NaCl the muscle 
retains its weight unaltered, neither absorb- 
ing nor losing water; similarly in solutions 
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of sugar, mannite or glycocoll of the same 
osmotic pressure (of about 6 atmospheres). 
But if to an m/8 NaCl solution we add 
(e. g.) alcohol in sufficient quartity to 
double the total osmotic pressure of the so- 
lution, it is found that there is no percept- 
ible increase in its osmotic action on the 
muscle; in other words, the alcohol acts as 
if it entered the cell with the same readi- 
ness as the water. Many other substances 
show a similar power of freely entering the 
cell; others like urea, glycol and glycerine 
also enter, but more slowly. Similar obser- 
vations in both animal and plant cells have 
shown that readiness of entrance into cells 
is a property that is closely correlated with 
solubility in fats or fat-like substances, in- 
eluding lipoids like lecithin. Substances 
not so soluble usually gain entrance slowly 
or imperceptibly. Overton drew from these 
facts the conclusion that the outer limit- 
ing layer or plasma-membrane of living 
cells consists in large part of lipoids, and 
that the characteristic osmotic properties 
of the cell depend on the presence of these 
substances in the membrane. Since sub- 
stances that dissolve in lipoids will pass 
readily through lipoid-impregnated parti- 
tions, this view explains why plasma-mem- 
branes are in fact readily permeable to such 
substances as a class. In its detailed appli- 
cation Overton’s view has met with consid- 
erable opposition; thus, according to Over- 
ton, intra-vitam dyes like neutral red and 
methylene blue enter cells readily because 
of their solubility in lipoids; a certain num- 
ber of exceptions to this rule have been 
pointed out by Ruhland and others; but in 
spite of these discrepancies there seems no 
doubt—when the whole of the evidence 
is considered—of the truth of Overton’s 
main contention that  lipoid-solubility 
strongly furthers the ready entrance of 
substances into cells. Traube believes that 
the degree of surface-activity, rather than 


of simple lipoid-solubility, is the determin- 
ing factor; this property shows a general 
parallelism with the lipoid-water partition- 
coefficient, and hence also with the readi- 


ness of penetration. But there appear to 


be more exceptions to Traube’s rule than to 
Overton’s, while there are other and inde- 
pendent indications that the surface-films 
of cells are characteristically rich in lip- 
oids; for instance, the fact that in the eggs 
of sea-urchins and other animals lipoid-sol- 
vents are especially effective in causing the 
formation of fertilization membranes (a 
typical surface-effect) and in initiating 
cell-division; also the facts which I shall 
cite presently, showing that lipoid-solvents 
are characteristically effective in altering 
the permeability of the plasma-membranes 
and in modifying their resistance to altera- 
tion by cytolytic substances. 

I dwell upon these researches here be- 
eause of the light which they throw on the 
question of the constitution of the plasma- 
membranes of cells, including those of the 
irritable tissues. They indicate that the 
membranes—and perhaps surface-struc- 
tures in general—are especially rich in 
lipoids. Now lipoid-soluble substances will 
tend, by the operation of the partition- 
law, to concentrate in the lipoids of the 
tissue; they will thus tend to gather in the 
membranes, and in so doing they will neces- 
sarily modify the physical state of these 
structures and so influence their physiolog- 
ical properties. We have already seen that 
the most striking effect which lipoid-sol- 
vents produce on irritable tissues is to 
modify their irritability, and under certain 
conditions to suppress it altogether. This 
suggests that the membranes have a special 
relation to stimulation. We should expect 
on a priori grounds that the excitatory 
apparatus of the cell should be externally 
situated; and we are thus led to inquire if 
there is other and independent evidence 
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that the surface-films or plasma-membranes 
of the irritable elements play any such spe- 
cial part in stimulation. 

There are in fact many indications that 
this is the case. Investigation of the eondi- 
tions of electrical excitation—undertaken 
quite without reference to the problem we 
are considering—has shown that the semi- 
permeable membranes of irritable tissues 
are intimately concerned in stimulation. 
The first definite proof of this was brought 
forward in 1899 by Nernst. He was 
struck with the fact that Tesla currents 
(or alternating currents of high frequency) 
may be passed through irritable tissues (or 
through the human body) without causing 
stimulation; while if the frequency of the 
current is sufficiently lowered, but without 
altering its intensity, strong stimulation re- 
sults. Now what does this mean? Evi- 
dently that the current must flow for a cer- 
tain minimal time in a constant direction 
in order to stimulate. Mere conduction of 
a given quantity of electricity through an 
irritable tissue is not in itself sufficient to 
cause stimulation. There is some kind of 
cumulative effect depending on a steady 
flow in one direction. What physical pecu- 
liarities of the living tissue condition this 
remarkable peculiarity? Nernst pointed 
out that a living tissue in its relation to the 
electric current is an electrolytic conductor, 
which, however, is not homogeneous like an 
ordinary salt-solution, but peculiar in being 
sub-divided at intervals by semi-permeable 
partitions, the cell-membranes. When 
therefore the current starts to flow it car- 
ries as usual anions toward the anode and 
cations toward the cathode, but at the semi- 
permeable membranes this movement is 
blocked; the concentration of anions thus 
tends to rise above that of cations on the 
side of the membrane facing the cathode 
and vice versa, and the above behavior of 
the tissue may be partly explained if we 
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assume that these changes of concentration 
must reach a certain degree if stimulation 
is to result. For this effect time is re. 
quired. Hence, if the current is reversed 
too soon, the stimulating effect is annulled. 
and the tissue remains unaffected. Now, if 
the assumption is true that stimulation is 
the expression of a change of electrical 
polarization, due to a change in the con- 
centration of ions at the membranes, the 
time during which the current must flow in 
order to produce a given polarization-effect 
ought to correspond with that needed for a 
given stimulation-effect. Nernst’s analy- 
sis shows that the polarizing action varies 
directly with the intensity of the current 
(a. e., the quantity of electricity—i. e, ions 
—transported in unit time) and with the 
square root of its duration (S=Kivt), 
and observations on a variety of irritable 
tissues have shown that the stimulating ac- 
tion of a given current does vary in essen- 
tially this manner with the duration of its 
flow in one direction (7. e., inversely with 
the square root of the number of alterna- 
tions in the case of an alternating current). 
It seems clear then that electrical stimula- 
tion is dependent on the _ polarization- 
changes produced by the current at the 
semi-permeable membranes of the irritable 
elements. 

One main result of these investigations is 
thus to localize the stimulating action of 
the current at the semi-permeable mem- 
branes, and to indicate that a change in the 
electrical polarization of these membranes 
is an essential feature of stimulation. It is 
evident that this result does not constitute 
a complete analysis of the nature of stimu- 
lation. But it indicates that some change 
in the membrane is essential to this process. 
An electrical variation accompanies every 
normal stimulation and undoubtedly forms 
an inseparable feature of the process, but 
its conditions are still imperfectly under- 
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stood. There is evidence, however, that it 
is associated with a definite alteration in 
the osmotic properties of the membrane. 
The electrical properties of irritable tissues 
like muscle indicate that during life there 
exists permanently in the resting cell a dif- 
ference of potential, equal roughly to 1/10 
volt, between the outer and inner surfaces 
of the plasma-membrane. When the un- 
injured outer surface of a muscle or nerve 
is connected through a galvanometer with 
the exposed interior of the elements (cut 
surface) a current, the so-called ‘‘demareca- 
tion-current,’’ flows from exterior to in- 
terior, indicating that the outer surface of 
the cells or nerve fibers has a higher poten- 
tial than the interior. This potential-dif- 
ference appears dependent on the semi- 
permeability of the plasma-membrane; it is 
absent in dead cells whose plasma-mem- 
branes have lost their semi-permeability, 
and it is diminished by the application of 
poisons which impair the normal semi-per- 
meability. Briefly, the demarcation-cur- 
rent potential appears in some way to be 
inseparably connected with this semi-per- 
meability of the membrane. Ostwald in 
1890 suggested a possible explanation of 
this condition when he pointed out that a 
membrane might become the seat of a po- 
tential difference by interfering unequally 
with the diffusion of the anions and cations 
of an electrolyte contained within the cell. 
If the plasma-membrane allowed cations to 
pass outward freely, but prevented the pas- 
sage of anions, a state of things would be 
produced comparable to what we observe 
in living cells. But the actual conditions 
are probably more complex than this, and 
experimental substantiation of Ostwald’s 
suggestion has not been satisfactory. The 
subject is evidently one requiring further 
investigation. In any case, however, the 
existence of the demarcation-current poten- 
tial appears dependent on the semi-perme- 
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ability of the membrane, and whenever the 
latter undergoes marked increase of perme- 
ability, this potential is invariably de- 
creased. The electrical variation or action- 
current which normally accompanies 
stimulation may be theoretically accounted 
for by assuming that at this time the mem- 
brane undergoes a decided but temporary 
increase in permeability, i. ¢., loses the 
semi-permeable properties which it pos- 
sesses during rest, and there is independent 
evidence that this change actually occurs 
during stimulation. If this is the case the 
plasma membrane is the seat of the most 
constant and characteristic manifestation 
of stimulation—the electrical variation or 
action-current. The membrane responds 
to the stimulating condition by suddenly 
changing its permeability and hence its 
electrical polarization. 

We ere thus brought to the conclusion that 
the plasma-membrane is characteristically 
ail intimately concerned in the stimulation 
process. During stimulation it appears to 
undergo a sudden and quickly reversible 
increase of permeability. The electrical 
variation is one expression of this change, 
but there are others as well. Thus the 
movements of sensitive plants, which occur 
under the same conditions of stimulation 
as those of irritable animal tissues, are due 
to a collapse of turgid cells, consequent 
upon a sudden loss of the semi-permeable 
properties of the plasma-membranes en- 
closing the osmotically active solution or 
cell-sap. Here at least is one irritable tissue 
where the connection between permeability- 
inerease and stimulation seems unmistak- 
able. It might be held that the existence 
of special osmotic motor mechanisms in cer- 
tain plants affords no indication of the na- 
ture of the conditions in irritable animal 
cells; but even in animals there are in some 
cases very clear indications that stimulation 
is constantly associated with an increase 
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of permeability, as I shall shortly point out. 
Evidence from various sides thus proves 
the participation of the plasma-membranes 
in the stimulation-process. Just why a 
change in the permeability and electrical 
polarization of the plasma-membrane 
should influence so profoundly the meta- 
bolic and other activities of the cell is nat- 
urally a far-reaching question requiring 
further investigation, but there are many 
reasons for believing that the primary or 
initiatory phase of the stimulation-process 
is a change of this naturé. 

Let us return now to the question of why 
anesthetics interfere with the stimulation- 
process. In the first place they can be 
shown experimentally to interfere with 
both of the above characteristic mani- 
festations of stimulation, (1) the action- 
current and (2) the change of perme- 
ability. If these are the critical or primary 
events, on which the other effects following 
stimulation depend, it is evident that sup- 
pression of these must involve a suppres- 
sion of the entire series of processes result- 
ing from stimulation, including the oxida- 
tions, the contraction-changes and the other 
special features of the response. 

That the action-current as well as the 
mechanical response of a muscle is sup- 
pressed by anesthetization has long been 
known. In nerve also anesthesia abolishes 
the action-current. Now, on the foregoing 
hypothesis, the electrical variation is the 
expression of some alteration in the 
plasma-membrane, involving a temporary 
increase of permeability. Héber has found 
that potassium salts, which deprive nerves 
of irritability and render them locally neg- 
ative, cause at the same time a visible alter- 
ation in the axis-cylinders; these structures 
swell and stain more diffusely; he found 
further that these effects are checked or 
prevented if the nerves are first anesthet- 
ized with ethyl urethane. Experiments on 
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voluntary muscle gave analogous results. 
If a frog’s muscle is partly dipped into an 
isotonic solution of a potassium or rubi- 
dium salt the tissue contracts somewhat 
and becomes locally negative; this effect is 
also inhibited or retarded in the presence 
of an anesthetic.* If the local negativity is 
the expression of a change produced by the 
salt in the colloids of the plasma-membrane, 
rendering the latter more permeable than 
before, Héber’s results indicate that the an- 
esthetic decreases the susceptibility to such 
changes of permeability. If this is the ease 
we can partly understand why the anes- 
thetized tissue becomes less susceptible to 
stimulation, since stimulation involves an 
increase of permeability. 

Quite recently at Woods Hole I have in- 
vestigated the question of the nature of an- 
esthetic action in a somewhat different man- 
ner, using an organism which seems un- 
usually well adapted to throw clear light 
on this subject. If an anesthetic acts by so 
modifying the plasma-membrane of the ir- 
ritable cell as to render difficult or impos- 
sible the rapid variations of permeability 
which are essential to stimulation, it ought 
to act similarly on other cells, 7. ¢., it should 
protect these cells also against the action 
of permeability-increasing substances or 
agencies. If an organism can be found 
whose cells undergo immediate and obvious 
increase of permeability under conditions 
which at the same time cause stimulation, 
it should become possible to determine 
whether suppressing the stimulating action 
of a given agency is equivalent to a suppres- 
sion of its permeability-increasing action. 
The two effects ought to show a definite 
parallelism if the above hypothesis is 
well-based. The organism which I have 
used is the larva of the marine annelid 
Arenicola cristata. This organism shows 

*Cf. Héber, Pfluger’s Archiv, 1907, Vol. 120, 
p. 492. 
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anatomical features of the required kind. 
It is a small, worm-like trochophore 
about 0.3 mm. long, swimming by two 
ciliated rings and possessing a well- 
developed musculature of longitudinal 
fibers. The body cells are permeated with 
a yellow or brownish pigment, so that 
when the larve are collected in a dense 
mass (which can readily be done by taking 
advantage of their strong heliotropism) 
they appear dark brown in color. Now if 
such a mass of larve is brought suddenly 
into a pure isotonic NaCl solution, they in- 
stantly contract strongly and remain thus 
contracted for twenty or thirty seconds, 
after which they slowly relax. During the 
period of contraction the yellow pigment 
diffuses rapidly into the solution and colors 
the latter bright yellow; 7. ¢., strong stimu- 
lation of the muscle cells is associated with 
marked increase in the permeability of the 
pigment-containing cells. The cilia cease 
and undergo rapid disintegration at the 
same time. If now instead of using pure 
NaCl solution, we bring a similar mass of 
larve into NaCl solution to which a little 
calcium or magnesium chloride has been 
added, a strikingly different effect is seen. 
Stimulation is slight and transitory, there 
is no immediate loss of pigment, and ciliary 
action continues uninterrupted. The gen- 
eral toxic action of the NaCl is also greatly 
lessened. It can thus be shown that pure 
solutions of sodium salts cause strong stim- 
ulating and permeability-increasing effects, 
both of which are simultaneously prevented 
by the addition of a little calcium or other 
antitoxie salt. Prevention of permeability- 
inerease runs parallel with prevention of 
stimulation. Magnesium salts in pure iso- 
tonic solution exhibit an action which is 
apparently the reverse of that shown by 
sodium salts. Larve brought into m/3 
MgCl, show no stimulation, no loss of pig- 
ment or destruction of cilia, and little or no 


immediate injury. On the contrary all 
muscular movements cease in a few seconds 
and the larve remain permanently motion- 
less during their stay in the solution (ex- 
cept for the cilia which remain active). 
The effect of the svlution is reversible; on 
return after a few minutes to sea-water, the 
normal activities at once return. The mag- 
nesium salt shows typical anesthetic action, 
+. é., it renders stimulation difficult or im- 
possible. It also hinders increase of per- 
meability. If larve that have lain in m/3 
MgCl, for a few minutes are suddenly 
brought into m/2 NaCl, no immediate effect 
is seen—neither stimulation nor loss of pig- 
ment. The toxic action of the pure NaCl is 
also much less than when the transfer to 
this solution is made directly from sea- 
water. In other words, the MgCl, renders 
the plasma-membranes resistant to the per- 
meability-increasing or cytolytic action of 
the NaCl solution; and at the same time it 
renders the irritable elements resistant to 
stimulation. The action of the MgCl, must 
depend on an alteration of the cell-surfaces, 
since this salt enters living cells with ex- 
treme slowness, if at all. We must con- 
elude that in this instance at least the an- 
esthetic action depends on a modification 
of the surface-layers or plasma-membranes 
of the irritable cells or elements, 

I have found that lipoid-solvent anesthet- 
ies produce effects which are essentially 
identical with those of MgCl,. The case of 
ethyl ether, the most widely used of all an- 
esthetics, may serve as an illustration. Ina 
.7 per cent. solution of ether in sea-water 
Arenicola larve immediately cease all mus- 
cular movements; the cilia show more re- 
sistance to anesthesia and remain active. 
If now the larve are transferred to m/2 
NaCl solution containing the same propor- 
tion of ether—so as to preserve the state of 
anesthesia—no contraction or loss of pig- 
ment follows, the cilia continue their activ- 
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ity, and the injurious action of the pure 
NaCl is relatively slight. Bringing larve 
from normal sea water directly into ether- 
containing NaCl solution also causes little 
or no stimulation or loss of pigment, and 
the cilia and body cells are protected 
against the injurious action of the solution. 
Thus in the presence of the anesthetic the 
salt solution fails to show its normal stimu- 
lating and permeability-increasing action, 
and its toxie or cytolytic action is greatly 
diminished. Anti-stimulating and anti- 
cytolytic actions run parallel with each 
other. 

I have studied the action of a large num- 
ber of anesthetics in this manner. Those 
which promptly and completely anesthetize 
Arenicola larve in sea-water show, when 
dissolved in NaCl solution in the proper 
proportions, effects which are essentially 
identical with those just described, though 
varying in degree with the different anes- 
thetices. Alcohols (methyl, ethyl, propyl, 
butyl, amyl, capryl), the urethanes (methyl, 
ethyl, phenyl), other esters like ethyl ni- 
trate, acetate, propionate, and compounds 
like chloretone, acetanilide, paraldehyde, 
nitromethane, chloroform, acetonitrile, all 
decrease or prevent the stimulating and 
permeability-increasing action of pure 
NaCl solutions when present in the con- 
centrations which cause typical anesthesia 
in sea-water. They also show well-marked 
protective or anti-cytolytic action. Other 
anesthetics, among which are chloral hy- 
drate, benzol, phenyl urea, and chloralose, 
act more slowly than those just mentioned, 
and if larve are brought suddenly into 
their solutions in m/2 NaCl, stimulation 
and loss of pigment occur very much as in 
the pure salt solution. A parallelism be- 
tween permeability-increasing action and 
stimulating action is thus seen throughout. 
If the one effect is decreased or prevented 
so also is the other. 
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The exact concentrations most favorable 
for anesthesia and prevention of permeabil- 
ity-increase are characteristic for each sub- 
stance and have to be determined empiric- 
ally. In a series of homologous compounds, 
like the alcohols or the fatty acid esters, the 
molecular anesthetic action increases rap- 
idly with increase in molecular weight and 
in lipoid-water partition-coefficient. The 
same is true for the vertebrate central ner- 
vous system, as Overton and Meyer have 
shown. Overton’s observations on tadpoles 
show a close parallelism with my own in 
these respects. The concentrations re- 
quired to anesthetize Arenicola larve are, 
however, higher in every case—usually 
three to five times higher—than for tad- 
poles. Possibly the higher salt content of 
the tissue-media in marine animals is re- 
sponsible for these differences; the order of 
relative action is the same in both organ- 
isms. 

To sum up—it would thus seem that an- 
esthetics produce their essential effects by 
modifying the properties of the semi-per- 
meable plasma-membranes of the irritable 
tissues, making these structures more resist- 
ant to changes of permeability than nor- 
mally. Since variations of permeability 
are essential to stimulation, the irritable 
tissue is thus rendered temporarily insensi- 
tive or irresponsive. 

How does the anesthetic produce these 
effects? Osterhout has recently shown that 
anesthetics decrease the electrical conduc- 
tivity of plant tissues, apparently by de- 
ereasing the permeability of the plasma- 
membranes to ions;* and it may be that in 
irritable animal tissues also the permeabil- 
ity normal to the membranes is similarly 
decreased during anesthesia. If the dis- 
tinctive action of the anesthetics is to de- 
crease permeability, its presence in the 
tissue will naturally oppose increase of per- 


*ScrENCE, Vol. 37, 1913, p. 111. 


. 
j 
4 


JUNE 27, 1913] 


meability and hence interfere with stimula- 
tion. The osmotic motor mechanisms of 
plants, whose action depends on sudden in- 
crease of permeability, may in fact readily 
be rendered irresponsive by anesthetics, as 
Claude Bernard pointed out long ago in his 
classical lectures on the life-phenomena 
common to animals and plants. Or the ex- 
planation may be somewhat different. The 
anesthetic may leave the resting permeabil- 
ity of the membrane the same as before— 
or perhaps may change it in either direc- 
tion—but alter its properties so as to de- 
crease the readiness with which the perme- 
ability is changed by other agencies acting 
on the membrane. Changes of condition, 
electrical or otherwise, that normally act 
as stimuli would then no longer affect the 
membrane, and would hence cease to stim- 
ulate. But whatever general interpretation 
we adopt, it is demonstrable that the prop- 
erties of the membranes are altered during 
anesthesia in such a way as to make in- 
erease of permeability more difficult than 
in the normal sensitive state of the irritable 
tissue. 

Is this the whole explanation of the anti- 
stimulating action of anesthetics? Noth- 
ing but further experimentation can answer 
such a question. Suppression of stimula- 
tion is however the essential effect to be ex- 
plained. It must be remembered that any 
specific response to stimulation comprises a 
series of mutually interdependent proc- 
esses, beginning with the one caused di- 
rectly by the external agent, and ending 
with the special physiological activity, or 
response, characteristic of the tissue. It 
seems more likely that the anesthetic inter- 
feres with the initial process of such a 
series than with one occurring later—such 
as the increase in oxidation or other special 
effect. The evidence which I have cited 
indicates in fact that the primary process 
in stimulation is a membrane-process, and 
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that it is this process which is modified by 
the anesthetic. This is why the succeeding 
and outwardly more evident effects of stim- 
ulation are also modified in the way that we 
observe. 

It is well known that an influential group 
of physiologists, headed by Verworn, main- 
tain that a suppression or prevention of 
oxidation-processes is the essential basis of 
anesthesia. Various facts are adduced in 
support of this theory. During anesthesia 
the oxidative metabolism of the tissue is di- 
minished. This fact in itself is equivocal; 
stimulation causes increased oxidations in 
many tissues, and suppression of stimula- 
tion prevents this effect along with the 
others. Lack of oxygen arrests many 
physiological activities that are dependent 
on its presence, but this fact again does not 
justify Verworn’s identification of narcosis 
and asphyxia. Other facts seem more con- 
sistent with this view. Frohlich and 
Heaton find that the recovery of nerves 
from anesthesia is imperfect or delayed in 
absence of oxygen; Ishikawa, another pupil 
of Verworn’s, finds the same for Amcebe ; 
from which they conclude that suppression 
of oxidations is the essential feature of the 
condition. These observations merely show 
once more that the cell or tissue requires 
oxygen in order to exhibit its normal prop- 
erties. Mansfeld finds that the concentra- 
tion of anesthetic required to anesthetize 
tadpoles is less when oxygen is deficient 
than when it is abundant; 7. e., anesthesia 
and asphyxia show additive relations to 
each other. This again is equivocal. The 
action of nerve-cells is intimately depend- 
ent on a good supply of oxygen; when oxy- 
gen is deficient their excitability is lowered, 
and along with this the degree of anesthesia 
required to abolish excitability. Other 


parallels of similar nature seem open to ob- 
jections of the same kind. On the other 
hand, nerve trunks resist the lack of oxy- 
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gen or the presence of cyanide (which ren- 
ders unavailable the oxygen present) re- 
markably well. Warburg finds that fertil- 
ized sea-urchin eggs anesthetized by phenyl 
urethane, so as to be incapable of cell-di- 
vision, show nevertheless the same oxygen- 
consumption as the normal unanesthetized 
eggs. Again, lack of oxygen interferes only 
gradually with the ciliary action in many 
organisms, while anesthetics in sufficient 
concentration arrest the movement in- 
stantly. It seems necessary to conclude 
from these facts that the essential action of 
the anesthetic is of a more general kind, 
and consists in incapacitating some me- 
chanism which is essential to the normal ac- 
tivities of the cell, whether these immedi- 
ately require oxygen or not. 

The evidence which I have reviewed indi- 
eates either that this mechanism is the 
plasma-membrane itself, or that it is closely 
dependent on the condition of the plasma- 
membrane. Any condition that renders 
the membrane incapable of responding to 
changes of condition by rapid changes of 
permeability and of electrical polarization 
has an anesthetic influence. This modifica- 
tion in the properties of the membrane may 
be produced either by changing the general 
condition of the colloids forming it—as in 
the case of magnesium salts or electrolytes 
in general—or by specifically altering the 
state of the lipoid-components, as by or- 
ganic anesthetics. It is impossible to say 
at present precisely why the solution 
of an anesthetic in the lipoids of the 
membrane should thus alter the proper- 
ties of this structure. The nearest phys- 
ico-chemical analogy seems to be the so- 
ealled ‘‘protective action’’ of colloids, as 
exemplified in those cases in which the 
presence of one colloid interferes with or 
prevents changes of aggregation-state in 
another, e. g., when gelatine prevents the 
precipitation of colloidal gold or platinum 
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by a neutral salt like sodium chloride. Ap- 
parently the lipoids are related to the other 
colloids of the membrane in such a manner 
that the condition of the lipoids affects the 
entire properties of the colloidal structure, 
and so determines the effect which an elec- 
trolyte like NaCl, or a stimulating condi- 
tion like an electric shock or mechanical im- 
pact, may have upon it. Hence when a 
lipoid-solvent acts upon the membrane, and 
dissolves in the lipoids of the latter, it may 
profoundly change the physical properties 
of the membrane and hence the responsive- 
ness of the whole tissue or organism to stim- 
ulation. On this view the membrane is a 
main controlling factor in cell-processes, 
and by changing its state we may alter the 
entire physiological activity of the cell. 


§. LILLiz 
UNIVERSITY OF PENNSYLVANIA 


PSYCHOLOGISTS AS ADMINISTRATORS‘ 


CasvuaL statements have frequently been 
made to the effect that many psychologists 
leave their professional careers to become ad- 
ministrators of one sort or another, or carry 
on executive work of a definite kind in addi- 
tion to their activities as psychologists, with 
the appended implication that psychology, as 
a science, suffers a proportionately greater 
loss of effective workers on this account than 
do the other sciences. As illustrations of this 
loss, not a few well-known examples are cited. 
At first blush, the generalization thus made 
might be classed under the fallacy of post 
hoc, ergo propter hoc, but in order to escape 
this charge ourselves, we must submit the 
matter to some statistical presentation. 

The executive positions to which academic 
men are obviously called are presidencies of 
colleges and universities, and deanships of 
departments within colleges and universities. 
Farther down the scale, viz., directorships of 
laboratories and headships of divisions and 

*Read before the meeting of the Experimental 
Psychologists at Wesleyan University on April 12, 
1913. 
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specific departments, the positions are often 
only nominal in nature and vary so much from 
place to place in their attached duties that it 
does not seem wise to include them in our 
discussion. The question arises, then, as to 
which disciplines out of a given group con- 
tribute the most men for these executive po- 
sitions and in what proportions they contrib- 
ute them. To answer this we selected, from a 
list of colleges and universities in the United 
States for the year 1910-11,” those institutions 
which are neither denominational nor tech- 
nically specialized. This list of 177 institu- 
tions was subdivided into those whose enroll- 
ment of students was above the 1,000 mark 
and those whose enrollment was below that 
mark, with the hope that this crude distinc- 
tion between the large institution and the 
small might bring to light a difference in the 
kind of administrator demanded. The names 
of the presidents were then looked up in 
“ Who’s Who in America” in order to deter- 
mine their fields of professional interest be- 
fore they assumed charge of their adminis- 
trative work. Where interest was considered 
to be equally divided in several fields, the 
count was fractionated accordingly. The re- 
sults are thrown into two classifications: the 
first may be considered as absolutely deter- 
mined, the other as relatively determined. 
Concretely, in the first case, the disciplines 
are presented in order of rank based upon the 
per cent. of representation in all the disci- 
plines found; in the second case, a half-dozen 
sciences are chosen, and the relative rank of 
representation is given in terms of a per cent. 
based upon the total representation in these 
few sciences. The selection of these sciences 
was made on the basis of a possible compari- 
son of relative worth. Unfortunately there 
were no available statistics for all disciplines 
dealt with in the first classification, but in the 
“ Biographical Directory of American Men 
of Science,” * the author found a scale of pro- 

* This list was furnished by the World’s Alma- 
nac for that year and corroborated by reference 
to the Report of the Commissioner of Education 


for the same year. 
*New York, 1911. 


portionate values which served as a means of 
possible interpretation in the second classifi- 
cation. In this directory of over 4,000 names, 
the relative number of men engaged in about 
a dozen sciences is given. Some of these sci- 
ences are not represented in our lists and are, 
therefore, not relevant to this discussion. 
We are forced to limit ourselves, consequently, 
to the following six sciences to which are at- 


tached the corresponding relative per cent. of , 


men engaged in the given activity on the 
basis of the total number engaged in all of 
the six activities: biology (27 per cent.), chem- 
istry (22 per cent.), physics (21 per cent.), 
geology (14 per cent.), mathematics (10 per 
cent.), and psychology (6 per cent.). The 
same method of classification was used with 
a list of 97 deans of colleges and of college 
departments of universities which were not 
specialized in profession, 7. e., schools of “ ap- 
plied science,” “engineering,” “ medicine,” 
“theology,” etc., were not considered because 
they usually always demanded an executive 
whose interest lay in the corresponding field 
of activity. These names were chosen from 
the 1910-11 catalogues of 42 leading colleges 
and universities. 


CLASSIFICATION 1 


S22. 
a 
8 ® @ 


Theology ..23 Education ..20 Mathematics 16 
Mathematics 13 Chemistry ..15 Class. Lit ... 12 
English ....10 Philosophy .10 English .... 12 
Education .. 8 Mathematics 9 History .... 10 
Mod. Lang’s 7 Polit.Science 9 Polit. Science 10 


CLASSIFICATION 2 


Biology ..-- 5 7 1] 
Chemistry .. 33 11 13 
Physies .... 24 14 23 
Geology .... 5 4 2 
Mathematics 28 52 40 
Psychology . 5 12 1] 
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The totals for the second classification are: 
biology 7.7 per cent., chemistry 19 per cent., 
physics 20.3 per cent., geology 3.7 per cent., 
mathematics 40 per cent., and psychology 9.3 
per cent. 

These tables show, then, that (1) under the 
absolute classification in the first array, psy- 
chology does not appear at all in the rank of 
the first five disciplines represented, but that 
(2) under the relative classification of our 
second array, whereas psychology has the few- 
est number of representatives engaged in ac- 
tivity in its field, it stands, on the average, 
fourth on the list of executive representatives, 
and, if we get its comparative rank in terms 
of the relative number engaged in the pro- 
fession, we find that it stands next to the top. 
This result was obtained by dividing the aver- 
age per cent., as given in the second table, by 
the per cent. of number engaged in the pro- 
fession as outlined above. This value might 
be termed, for the sake of this discussion, the 
effiviency-value and results as follows: mathe- 
matics 4.00, psychology 1.55, physics .94, 
chemistry .86, biology .29, and geology .24. 

Another investigation was carried on from 
a slightly different angle. This study was 
not, like the second classification, a compara- 
tive one in terms of other sciences. The 
question arose as to how many psychologists 
of repute have been engaged in executive 
work since they began activity in the field of 
the science. For this purpose the membership 
list of the American Psychological Associa- 
tion and Cattell’s “American Men of Sci- 
ence” (2d, 1911, edition) were consulted. 
From the former, a list of about 300 names, 
150 names of persons who were recognized in 
the latter as psychologists were drawn. These 
names were subdivided into two groups: those 
recognized as eminent, 7 e., among the 1,000 
scientists of the country, and, the remainder, 
those who were not so considered. It was 
deemed that they had performed executive 
work if, after they had held some responsible 
position in psychology, they had become ad- 
ministrators in the sense of the above classifi- 
cations, or if they had held, or were holding, 
such positions as superintendencies or prin- 
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cipalships of schools, directorships of institu- 
tions, or other equivalent positions. It was 
found that in the first group there were 12 
executives out of a possible total of 42 (29 
per cent.), and in the second group 36 out of 
108 (33 per cent.) came under the rubric of 
executives. This, the investigator believes, is 
a fairly large portion of the total, but there is, 
of course, no ground for believing that psy- 
chology is making a better showing in this re- 
spect than other sciences, except in so far as 
the second classification, given above, dis- 
tinctly indicates it. Undoubtedly, on the 
score of this classification, the conclusion that 
psychology, next to mathematics, is contribu- 
ting more executives relatively than the other 
sciences mentioned, is valid; and the suppo- 
sition that the comparison between these sci- 
ences, chosen only with reference to available 
statistics, is fair, must be left to the judg- 
ment of the readers of this article. 


CuristTian A. RuckKMICH 
CORNELL UNIVERSITY 


THE PLANT INDUSTRY HALL OF THE 
UNIVERSITY OF NEBRASKA 

On June 10 the University of Nebraska 
dedicated a new building known as the Plant 
Industry Hall, to be occupied by the depart- 
ments of agricultural botany, in charge of 
Professor Wilcox; horticulture, in charge of 
Professor Emerson, and entomology, in charge 
of Professor Bruner. The new building is 
140 by 65 feet, and consists of three stories 
above the basement. It is of strictly fire- 
proof construction throughout. 

Short addresses were made by Architect 
Chowins, Regent Whitmore and Dean Bur- 
nett. The principal address on “ Practical 
Science” was given by Professor Dr. John 
M. Coulter, of the University of Chicago, and 
will be printed in Science. These addresses 
were followe¢ by the ceremony of conferring 
the honorary degree of doctor of agriculture 
upon Dean Herbert J. Webber, of the Univer- 
sity of California, and Dean Albert F. Woods, 
of the University of Minnesota. 

In conferring these degrees, 
Avery said: 


Chancellor 
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Herbert John Webber, bachelor of science; mas- 
ter of arts; doctor of philosophy; charter member 
Botanical Seminar, and early assistant in the 
department; distinguished physiologist, patholo- 
gist, and plant breeder; discoverer of motile 
sperms in Zamia; investigator of double fertiliza- 
tion in maize; improver of plants useful for food 
and clothing; member of learned societies. 

Albert Fred Woods, bachelor of science; master 
of arts; charter member Botanical Seminar, and 
early assistant in the department; notable investi- 
gator; as an administrator distinguished for serv- 
ices in the United States Department of Agricul- 
ture; dean of a great college of agriculture; 
director of a famous experiment station; author 
and man of affairs. 


THE PHYSICAL LABORATORY OF WASH- 
INGTON AND JEFFERSON COLLEGE 


THrovucH the generosity of an alumnus, 
$50,000 was given to Washington and Jeffer- 
son College in June, 1911, for the erection of 
a physics laboratory. An attempt was made 
to keep within the appropriation, but the cost 
of erection ran up to $51,090. It is built of 
cream-colored brick, and measures 60 by 90 
feet. The floors are of reinforced concrete, 
while the walls are solid brick 22 and 18 
inches thick. All the laboratories are pro- 
vided with piers running down to the rock 
underneath the building or with slate ledges 
built into the wall. The first floor contains 
elementary laboratories, workshop, storage 
room, constant temperature room, and one 
private laboratory. On the second floor are 
laboratories for work in electricity and light. 
Besides there is a chemical laboratory, a 
supply and stock room, and two private labor- 
atories for advanced work. The third floor is 
given over to the lecture room, with accom- 
panying preparation and apparatus rooms, a 
general laboratory for work in mechanics, a 
dark room, and a laboratory for advanced 
optics. Electric power is distributed from the 
dynamo room on the first floor, while the bat- 
tery distributing center is on the third floor. 
A reference library and reading room is lo- 
cated on the second floor. The laboratories 
are all supplied with gas, hot and cold waters, 
compressed air and exhaust; also, direct, alter- 
nating and battery currents are available in 
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each laboratory for power and experimental 
purposes. 

The laboratory was dedicated on January 
16, 1913, celebrating the 111th anniversary 
of the chartering of Jefferson College at 
Canonsburg. The address was made by Pro- 
fessor A. G, Webster on “Physical Labora- 
tories and their Relation to the Advance of 
Civilization.” 


SCIENTIFIC NOTES AND NEWS 


Harvarp University has conferred its doc- 
torate of science on Dr. Chas. D. Walcott, 
secretary of the Smithsonian Institution. 

AmMonG honorary degrees conferred by Yale 
University were doctorates of science on Dr. 
A. A. Noyes, professor of theoretical chem- 
istry of the Massachusetts Institute of Tech- 
nology, and on Dr. S. W. Williston, professor 
of paleontology at the University of Chicago; 
the doctorate of laws on Dr. John G. Hibben, 
president of Princeton University, and Dr. 
David F. Houston, secretary of agriculture, 
and the master of arts on Dr. Harvey Cush- 
ing, professor in the Harvard Medical School. 

THe University of Pennsylvania has con- 
ferred its doctorate of laws on Dr. G. W. 
Goethals, chief engineer of the Panama Canal. 

Brown University has conferred the degree 
of doctor of science on Mr. Frank M. Chap- 
man, curator of ornithology in the American 
Museum of Natural History. 

WesLeyan University has conferred the 
doctorate of laws on Dr. Charles H. Judd, 
director of the school of education of the Uni- 
versity of Chicago. 

Turts CoLLece has conferred the doctorate 
of science on Admiral Robert E. Peary and 
the degree of doctor of science on Dr. Alfred 
C. Lane, Pearson professor of geology and 
mineralogy in Tufts College. 

During commencement week at Colorado 
College there was celebrated the twenty-fifth 
anniversary of President W. F. Slocum’s ad- 
ministration. The following honorary de- 
grees were conferred on scientific men: the 
degree of doctor of science on Professor T. D. 
A. Cockerell, of the University of Colorado, 
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and on Professor William Strieby, of Colo- 
rado College, and the degree of doctor of laws 
on H. A. Howe, of the University of Denver. 


Dr. M. has resigned the pro- 
fessorship of mental and moral philosophy at 
Lafayette College because his teaching was 
regarded as not in accord with the standards 
of the Presbyterian church. 


Tue first Loubat prize of $1,000, for the 
best work printed and published in the Eng- 
lish language upon the history, geography, 
archeology, ethnology, philology or numismat- 
ies of North America, during the quinquen- 
nial period ending July 1, 1913, has been 
awarded by Columbia University to George 
Louis Beer, of New York (A.B., 1892), for his 
series of works on the British Colonial Sys- 
tem. The second prize of $400 has been 
awarded to Dr. John Reed Swanton, of the 


Bureau of Ethnology, Washington, D. C., for - 


his two works, one on “ The Indian Tribes of 
the Lower Mississippi Valley,” and the other, 
“Tlingit Myths and Texts.” 


Tue Académie Francaise has awarded the 
Grand Prix Broquette Gonin, of the value of 
$2,000, to Professor Grasset, of Montpellier. 
The prize is for “the author of a work, philo- 
sophic, political, or literary, which shall be 
judged to be of a nature to inspire the love 
of ‘the true, the beautiful, and the good.” 
Professor Grasset, who is known for his re- 
searches on the nervous system, is also the 
author of several works on questions of psy- 
chology, moral responsibility and the philos- 
ophy of practical life. 

Proressor Rospert ANDREWS MILLIKAN, of 
the department of physics in the University 
of Chicago, was elected on May 23 president 
of the local chapter of Sigma Xi. Dr. Henry 
©. Cowles, ot the department of botany, was 
elected vice-president of the chapter, and Dr. 
Rollin T. Chamberlin, of the department of 
geology, secretary. 

Dr. Henry A. BuMsteaD, professor of phys- 
ics in Yale University, has been given leave 
of absence for the coming academic year. 


Proressor Epwarp ALEXANDER "WESTER- 
MARCK, professor of sociology in the Univer- 
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sity of London, has accepted an invitation to 
give four lectures next year at Brown Uni- 
versity. 

Dr. OC. S. Suerrineton, F.R.S., professor of 
physiology at Liverpool, has been appointed 
an additional member of the British depart- 
mental committee on the lighting of factories 
and workshops. 


Mr. A. J. Mutonter has been appointed 
assistant in the department of invertebrate 
zoology of the American Museum of Natural 
History. 


Mr. A. C. Fraser, of Cornell University, 
has come to the New York Botanical Garden 


to assist during the coming summer in the 
experimental work in plant breeding. 


Dr. JoHN DETLEFSEN, assistant professor of 
genetics in the University of [linois, will 
spend the summer visiting the principal Euro- 
pean genetic laboratories. 

Netson ©. Brown, M.F., Yale Forest 
School, in charge of forest utilization in the 
New York State College of Forestry, is spend- 
ing the summer studying forest conditions in 
Germany and Austria. 


Tue Amazon expedition of the University 
of Pennsylvania, in charge of Dr. W. C. 
Farabee, arrived in Para, Brazil, last week. 
Here Dr. Farabee will charter a vessel for the 
trip in the Amazon regions, according to the 
original program. The Brazilian govern- 
ment is interested in the expedition, and is 
aiding the university in various ways. 

Dr. Frank Hartwey, professor of clinical 
surgery in Columbia University, has died at 
the age of fifty-nine years. 

Tue U. S. Civil Service Commission an- 
nounces an examination for assistant in plant 
histology, on July 16, to fill a vacancy in this 
position in the Bureau of Plant Industry, 
Department of Agriculture, at a salary rang- 
ing from $1,200 to $1,620 a year. 

Tue material collected by the third African 
expedition, under Dr. W. S. Rainsford, has 


been received at the American Museum of 
Natural History. It contains specimens of 
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black rhinoceros, East African buffalo, eland, 
leopard, cheetah, antelope and monkey. 


Tue Tokyo Statistical Society of Japan, 
having recently suffered the loss by fire of a 
valuable library it had been thirty-three years 
in gathering, John Hyde, former statistician 
of the Department of Agriculture, has pre- 
sented the society with 3,000 volumes of sta- 
tistical literature to form the nucleus of a 
new collection. In addition to official publi- 
cations of 52 countries, printed in twelve dif- 
ferent languages, the gift includes the trans- 
actions for a long series of years of most of 
the leading statistical societies of the world, 
as well as a large number of miscellaneous 
books of reference. In accepting the gift, the 
president of the society, Baron Sakatani, 
former finance minister, announced that the 
library would be given the name of the donor. 


AN ecological conference will be held at the 
University of Chicago during the summer 
quarter; the following series of illustrated 
lectures on “ The Relation of Plants and Ani- 
mals to Environment,” will be given begin- 
ning July 16, when Professor Henry C. 
Cowles, of the department of botany, will 
speak on “Principles and Problems of Ecol- 
ogy as illustrated by Plants.” On July 18 
Dr. Victor E. Shelford, of the department of 
zoology, will discuss “Principles and Prob- 
lems of Ecology as illustrated by Animals.” 
Lecturers in the conference from other insti- 
tutions will include Arthur C. Tansley, of 
Cambridge University, who speaks on “ Brit- 
ish Landscapes ”; Professor Carl Schroter, of 
the University of Zurich, on “The Lake 
Dwellings and Lake Dwellers of Ancient 
Switzerland ”; Professor Stephen A. Forbes, of 
the University of Illinois, whose subject is 
“Fish and their Ecological Relations,” and 
Professor William M. Wheeler, of Harvard 
University, who will discuss in two lectures 
“The Habits of Ants.” 

Ir is difficult to realize the enormous quan- 
tities of brick used annually in Greater New 
York. During 1912 the consumption was 
over 1,000,000 thousand. The principal source 
of this vast quantity is the Hudson River re- 
gion, which extends along both sides of the 


river from New York City to Cohoes and em- 
braces ten counties, nine in New York and one 
in New Jersey. Other sources of supply are 
the Raritan River region of New J ersey and 
the Connecticut region. The year 1912 was 
one of unusual interest in the Hudson River 
region. It opened with an increasing demand 
for brick, and the price for common brick was 
$7 a thousand, compared with $4.25 in 1911. 
For several years the use of cement or con- 
crete in construction appeared to be displacing 
brick to some extent, but owing to the strong 
“back to brick” movement the year 1912 saw 
in the New York market a change favoring 
brick as the best building material for many 
purposes. Influences that have contributed to 
this change are the failure of some concrete 
buildings, the advertising campaign carried on 
by the brickmakers, and the improved quality 
of the Hudson River brick. The average price 
was the highest since 1906. The marketed 
product in 1912 was larger than that of 1911 
and would probably have been still greater but 
for the scarcity of labor, especially at Haver- 
straw, and the strike among the brickmakers 
in the Newburgh district. The strike, how- 
ever, was of short duration, but the scarcity of 
labor drawn away by large construction enter- 
prises, such as the Catskill aqueduct, railroad 
extensions and subway operations, was a seri- 
ous drawback to the Hudson River brickma- 
kers in 1912. This condition was so serious 
that the operators resorted to night work and 
rainy-day work in loading barges and im- 
ported laborers from the South. An important 
development during the year was a large in- 
crease in the use of Raritan River brick in 
New York City, which has for some years been 
drawing on the Raritan River region. In 1912 
the demand for this brick was very much 
greater than ever before. On the whole the 
year may be considered one of prosperity. 
The demand was good, prices were high, the 
mild weather toward the end of the year per- 
mitted shipments to its very close, and while 
the marketed product was not the largest 
recorded, it was considerably larger than that 
of 1911. The statistics gathered by Jefferson 
Middleton, of the United States Geological 
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Survey, show that the number of brick mark- 
eted in the Hudson River region in 1912 was 
1,019,259,000, valued at $5,850,770, or $5.74 a 
thousand, compared with 926,072,000 brick in 
1911, valued at $4,717,633, or $5.09 a thousand. 
This was an increase in 1912 of 93,187,000 
brick and of $1,133,137 in value. The num- 
ber of operating firms reporting in 1912 was 
126. As in other branches of the clay-working 
industry, the number of active firms reporting 
is not equivalent to the number of yards, for 
many firms have more than one yard. 


UNIVERSITY AND EDUCATIONAL NEWS 


WELLESLEY CoLLEGE has received an anony- 
mous gift of $100,000. 


In addition to $250,000 appropriated for a 
building for the New York State College of 
Forestry at Syracuse University, the legisla- 
ture appropriated $50,000 for the maintenance 
and development of the work for the coming 
year. Last year through the kindness of Mrs. 
Russell Sage, who gave something over $80,- 
000, a Division of Agriculture was organized 
at Syracuse University. This division is giv- 
ing agricultural instruction for teachers and 
general work for students of other colleges. 
These courses in agriculture are given without 
state or national aid. 


Governor Suuzer has signed a bill making 
the New York American Veterinary College, 
allied with New York University, the state 
veterinary college for the eastern part of the 
state. No appropriation of money was made 
in the bill. 


Newcoms the woman’s de- 
partment of Tulane University, will shortly 
erect on its new site on Audubon boulevard, 
adjoining the university proper, four new 
buildings to cost $600,000. 


Ir is announced that the executors of the 
late Sir J. Wernher, Bart., have completed the 
allocation of the £100,000 bequeathed to them 
to be devoted to charitable and educational 
purposes. £35,000 has been allotted to chari- 
table and educational purposes in South 
Africa, and £65,000 to some 150 different in- 
stitutions in Great Britain. The grants for 
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scientific and educational purposes include: 
to the Institute of Mining and Metallurgy, 
£5,000; the Imperial Service College, Windsor, 
£2,500; the London School of Tropical Medi- 
cine, £1,500. 


Tue school of medicine of the University of 
Pittsburgh arranged a medical program in 
connection with the commencement week ex- 
ercises. Special clinics were arranged at the 
hospitals affiliated with the university, as well 
as laboratory demonstrations at the medical 
school building on the university campus. 


Tue Rush Medical College, Chicago, which 
has for a number of years strongly recom- 
mended a fifth clinical year as interne in a 
hospital, or its equivalent, has made this com- 
pulsory for the class entering in 1914. This 
fifth year is to be spent either in graduate 
work in one of the departments of the college 
or as an interne in an approved hospital under 
the constant supervision of the college faculty. 


A GREAT increase in the enrollment has 
marked the progress of the college of agricul- 
ture of the University of Illinois during the 
past few years. In 1895-96 there was a total 
enrollment of 14 students; in 1900-01, 159 stu- 
dents; in 1909-10, 660 students and in the 
present year, 1912-13, there was a total num- 
ber of 905. The college of agriculture is grad- 
uating an ever-increasing number of men. 
The larger percentage of these graduates are 
now engaged in practical agriculture. This is 
shown by statistics being gathered at the pres- 
ent time. Out of ninety-three men graduating 
this year, forty-four expect to go into actual 
farming operations; ten expect to enter ex- 
perimental work at the University of Illinois; 
ten to teach; eleven will do graduate work; 
five are going to work for large implement 
companies, and the rest will be employed in 
work more or less connected with agriculture. 

Dr. L. H. Batey has resigned the director- 
ship of the New York State College of Agri- 
culture, Cornell University. 

Dr. Paut G. Wooutey, dean of the medical 


department of the University of Cincinnati, 
has resigned this office but retains his pro- 


fessorship. 
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Tue presidency of Tulane, vacant by the 
resignation of President Craighead a year ago, 
has been filled by the election of Professor 
Robert Sharp, dean of the graduate school, act- 
ing president during the past year, and for 
thirty-two years a member of the faculty. 

Mr. GeorGE WHEELER HINMAN, until re- 
cently editor and proprietor of the Chicago 
Inter-Ocean, has been elected president of 
Marietta College to succeed the late Alfred T. 
Perry. 

Miss JosePHIne T. Berry, of the Washing- 
ton State College, has been elected professor 
of nutrition and home economics at the Uni- 
versity of Minnesota. 

Harry G. Hake, of the University of Ili- 
nois, has been appointed assistant professor of 
electrical engineering at Washington Univer- 
sity. Joseph C. Stephenson has been ap- 
pointed instructor in zoology. 

At Vassar College Winifred J. Robinson, 
Ph.D. (Columbia, 1910), has been advanced 
from instructor to assistant professor of 
botany. 

Mr. W. A. MacDonatp, B.S.F. (Michigan 
Agricultural College, 1913), has been appointed 
instructor in forestry in the New York State 
College of Forestry at Syracuse University. 


DISCUSSION AND CORRESPONDENCE 
THE LAWS OF NOMENCLATURE IN PALEONTOLOGY 


To THe Epitor or Science: In the course of 
an interesting and able communication by 
Dr. Matthew upon “The Laws of Nomencla- 
ture in Paleontology” in Science of May 23, 
1913, pp. 788-792, the following paragraph 
occurs on page 792. The italics here are those 
of the present writer. 

Deinodon Leidy is determinable as to family, 
but is not determinable generically, as the genera 
of carnivorous dinosaurs are now distinguished. 
The same is true of a whole series of genera and 
species described by Leidy and Cope from the 
Judith River. The treatment of types and re- 
ferred specimens of these genera by paleontolo- 
gists as specifically distinguishable or identical has 
sadly misled Dr. Peale in his recent discussion of 
the vertebrate evidence as to the age of the Judith 
River beds, leading him to present as conclusive 


SCIENCE 


979 


evidence of identity in age a correspondence in 
fauna which to those who know the nature of the 
specimens on which the lists are based is no evi- 
dence at all. 


Inasmuch as the writer hereof is mentioned 
in this paragraph and this mention may lead 
to some misapprehension, the following notes 
are presented. Now as to Deinodon, it is 
submitted that what has been done or is to be 
done with this genus in the future does not 
seem to enter the case. Suffice it to say 
that not only is it mentioned generically by 
Hatcher and others, but Hatcher in Bulletin 
257 of the U. S. Geological Survey (p. 85) 
gives also a number of species of the genus, 
and I believe that I am not assuming too 
much when I take it for granted that others 
who have referred to these species, or any of 
them, were referring to the same thing. That 
the paleontologists may have been at sea in 
regard to the exact determinations, and that 
the material is fragmentary and imperfect 
was as well known to me at the time of 
writing as to the paleontologist himself, but 
as the names are a matter of record I think 
I was justified in using them, no matter what 
becomes of them in the future, especially as 
Hatcher, Osborn and others have made im- 
portant deductions from their occurrence. 
These remarks apply to the whole series of 
genera and species referred to by Dr. Matthew. 
It is rather interesting to have a vertebrate 
paleontologist make the statement that “ cor- 
respondence in fauna is not conclusive evi- 
dence of identity in age,” especially as it 
rather confirms the statement made by me in 
my article on the Judith River formation 
(Journal of Geology) wherein, in discussing 
the evidence of vertebrate fossils on the ques- 
tion of the age of the Judith formation, I say: 


Either the beds are identical in age or verte- 
brate paleontology has no place in stratigraphic 
geology and non geologia sine paleontologia be- 
comes non paleontologia sine geologia. 

The writer does not pretend to be a verte- 
brate paleontologist, nor is he able or willing 
to pass upon the value of the material studied 
by them, but he submits that he must be con- 
fined to what has been published by them, as 
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must all who use their material. It is impos- 
sible to go back of their record. As they 
(the vertebrate paleontologists), although fully 
aware of the fragmentary condition of the 
material they dealt with, gave not only gen- 
eric but specific names and made certain de- 
ductions from their use, I do not quite under- 
stand why I was so sadly misled in using the 
names as I did, unless, as I said in my paper, 
vertebrate paleontology is of no use to the 
stratigraphic geologist. I wish to state here 
that I thoroughly believe in the value of the 
evidence of vertebrate paleontology. 

While upon this subject, I wish to refer to 
another point, not, however, mentioned by 
Dr. Matthew. By some I have been criticized 
for not including in the lists of vertebrate 
fossils in my paper all that have been in any 
way referred to the Judith River formation, 
from all localities in Montana and in Canada, 
but it was my idea to limit the list to those 
found in the typical region of the Judith 
River formation, and on page 753 of my 
article on the “Stratigraphic Position and 
Age of the Judith River Formation” it is 
distinctly stated that Hatcher’s list of Judith 
River vertebrates is used after the elimination 
of “ all the species which are duplicated under 
other names” and also of all which come from 
beds not certainly of Judith age or that occur 
outside the typical area (the Judith Basin of 
Montana). A. C. PEALE 


ICE CAVES 


Tue contribution to The Popular Science 
Monthly for March on “ The Sweden Valley 
Tee Mine,” by Marlin O. Andrews, calls for 
some comment and criticism. In the first 
place it is calculated to convey the impression 
that such phenomena as he describes are ex- 
ceedingly rare, whereas they are fairly com- 
mon in middle latitudes—especially in lime- 
stone districts. In the second place the expla- 
nation given of such phenomena is faulty. 

The writer of the above mentioned article 
appears to have come to his subject rather 
poorly equipped as regards geological knowl- 
edge, and though by his own statements sup- 
plied by the Federal Survey with information 
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concerning the literature of the subject, to 
have availed himself very little of it. To be- 
gin with, his introduction detailing tradition 
as to presence in the region of silver mines 
known only to the Indians, in regard to the re- 
liability of which he appears to have little 
doubt, does not serve to enhance our confidence 
in his ability to describe or explain geological 
phenomena. 

Such traditions of “lost silver mines” pre- 
vail in nearly every community, but we hardly 
expect to find a man of science giving cred- 
ence to them; especially if it is in a region 
where such mines are a geological impossibil- 
ity. Potter County, Pa., is in such a region. 
It may be true that the county has never been 
covered by a detailed geological survey (a por- 
tion of it however has been covered by the 
Federal Survey and an account given of it in 
the Gaines Folio), but enough is known geo- 
logically of that portion of Pennsylvania to 
enable us to postulate the presence there of 
unaltered and little deformed sandstones and 
shales of Devonian and Carboniferous age, 
and to assert the entire absence from them of 
deposits in appreciable amounts of either lead 
or silver ores. Will the time never come when 
the diffusion of elemental geological knowl- 
edge is such as to render impossible the float- 
ing of such absurd “ lost-silver-mine-known- 
only-to-the-Indian traditions”? Where did 
these Indians acquire their expert mineralog- 
ical and metallurgical knowledge that would 
enable them to detect silver in an ore or ex- 
tract it therefrom? We know that when dis- 
covered by white men the American Indian 
was living in the “Stone Age” and utterly 
unacquainted with the extraction of metals 
from their ores. 

When it comes to the account of the ice 
mine itself, the description in the article must 
be considered very inadequate from a geolog- 
ical point of view. Was the shaft sunk on un- 
disturbed strata or on talus accumulation? If 
on the latter, we appear to have here a case of 
“talus ice accumulation,” of which there are 
many instances. There is at least one other 
of these in Pennsylvania, if I remember cor- 
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rectly, either in Center or one of the adjoin- 
ing counties. 

The finding of “petrified wood” and 
“bones” possibly “human,” in sinking the 
shaft, would seem to indicate talus deposits, 
but the “fern impressions” point to little 
shifted carboniferous strata. 

Is the wood really “ petrified,” that is silici- 
fied, or does it consist of sandstone casts of 
same? If the latter, and in strata in place, it 
indicates carboniferous, and there could be no 
human bones associated with it. The refer- 
ence to “ loose shale, sharply inclined” up (?) 
the hill, might indicate overplacement due to 
creep. The nature of the strata (sandstone 
and shale) composing the Devonian and Car- 
boniferous of that region would preclude the 
possibility of extensive underground channels 
or caverns, which require limestone and would 
consequently render very problematic the ex- 
planation proposed by Mr. Andrews for this 
Potter ice mine phenomenon. 

If a seasonal reversal of underground air 
currents is to be invoked as an explanation, 
his diagrams introduced to illustrate this had 
better be inverted. Every “freezing cave” 
that has been represented in vertical section 
shows the more remote recesses of the cave 
lower than the mouth, and the more nearly 
vertical the circulation of the air is in conse- 
quence of this, the better the conditions for ice 
accumulation. 

This may be illustrated by the conditions 
which prevail in a “freezing cave” near Gap 
Creek, Wayne Co., Ky., visited in August, 
1898, by the author of this criticism. The 
cave is in the nature of a vertical sink, the 
opening of which is situated on the top of a 
Knob, called “mountain” in that section. 
The top is about 1,260 feet above sea level (220 
above the drainage at the base). Descent into 
this cave was made by means of rough lad- 
ders. Various channels ramify from the main 
body of the sink, mainly downward. The 
“mountain” which consists of Mammoth 
Cave Limestone capped by a thin coping of 
Kaskaskia Sandstone, appears to be honey- 
combed with subterranean passages. 
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Into these passages the cold air tends to de- 
scend in winter and from them to rise in 
summer, due to changes in relative density 
conditions of the internal and external at- 
mosphere. It appeared also to the writer (and 
this is the only contribution he wishes to offer 
to the explanation of ice caves) that the de- 
scent of the water through the underground 
passages during the winter, when this region 
has its abundant rains, would aid in the in- 
take of cold air at the mouth of the sink some- 
what after the manner of a Sprengle pump, 
and hence would contribute to the thorough 
refrigeration of the mountain or knob. This 
agency would operate with little force in sum- 
mer, when the stage of cave waters is low. 

We did not find that the inhabitants in the 
neighborhood of this Gap Creek ice cave at- 
tributed any of the accumulation of ice in it 
to the summer months, and while it is not im- 
possible in accordance with the theory usually 
advocated for the explanation of such ac- 
cumulation, that it might continue after 
freezing temperatures had disappeared on the 
outside, there is no indication that this condi- 
tion of affairs has persisted into the summer, 
either in the case of this or of any other genu- 
ine “glaciere.” The result of all actual in- 
vestigation thus far is in support of this nega- 
tive. Mr. Andrews fails to offer any first-hand 
observation in favor of his contention, for by 
his own statement his visit was made to the 
“jee mine” in the spring. His belief in sum- 
mer accumulation still rests on hearsay evi- 
dence. 

In view of the fact that such phenomena as 
we have been here discussing are by no means 
uncommon (Balch in his work, “ Glacieres or 
Freezing Caverns,” cited and quoted from by 
Mr. Andrews, lists some three hundred in- 
stances) it would appear that the subject is 
important enough to deserve treatment in our 
text-books on physical geography, where it 
would appropriately come up under the head 
of “ caverns.” 

Artour M. MILLER 

KENTUCKY STATE UNIVERSITY, 

LEXINGTON 
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A HUMAN MONSTROSITY 


On May 1, 1912, at Fayette, Missouri, was 
born a female child (colored) having two 
heads and three arms. The monstrosity was 
still-born, but had apparently completed its 
intra-uterine development. It weighed about 
fourteen pounds. 

The legs are two in number, properly placed, 
and perfectly normal. The trunk as seen from 
without is fully developed. Posteriorly it is 


entirely normal, but the breadth increases 


considerably toward the anterior end. The 
chest region is at least one half again as broad 
as it should be. Ovrher than is suggested by 
the breadth of the chest, however, there are 
no signs of duplicity in the trunk. The 
breasts are two in number and far separated, 
being normally placed with reference to the 
sides. The spinal column is single and cen- 
tral as far as can be determined without dis- 
section. 

Three arms are present. Two show no signs 
of irregularity either in position or structure. 
The third is somewhat dwarfed, and is located 
on a level with the to normal arms and mid- 
way between them. It extends upward and 
backward, and is attached to an irregularly 
developed scapula resting between the normal 
ones. The structure of this third arm and its 
hand is quite abnormal. Both upper and 
lower arm bones are present, but reduced in 
size. The wrist bones are not regular or at 
least do not permit of normal movement. The 
bones of the hand are not all present, there 
being only the metacarpals and phalanges of 
the thumb and first two fingers. The distal 
segment in each case bears a thickened claw- 
like nail. 

The most striking feature of this mons- 
trosity is its two heads. Each is set at a slight 
angle with the general axis of the body, and 
rests close beside, but not crowding, the 
other. As far as can be observed, there is no 
abnormality of any sort in connection with 
these heads except for the position. 

There are many problems of scientific in- 
terest suggested by this specimen and no doubt 
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many facts of interest and importance will be 
brought to light upon its dissection. 
L. D. Peaster 
PUBLIC MUSEUM, 
MILWAUKEE, WIs. 


THE OMAHA TRIBE 


A review of “ The Omaha Tribe,” published 
in Scrence, June 13, 1913, calls for a few 
words from the authors, notwithstanding their 
disinclination to respond to a criticism which 
in some parts sounds more like vituperation. 
The opening sentences of the reviewer sound 
the keynote of his whole effort. He says: 


The most obvious thing about this monograph 
is the authors’ well-nigh complete neglect of the 
work of their predecessors. It is their avowed 
purpose (p. 30) to borrow nothing frém other 
observers and to present ‘‘only original material 
gathered directly from the native people.’’ Apart 
from any consideration of historical justice this 
principle is unjustifiable from the standpoint of 
the student. 


Now, the paragraph in the preface in the 
work from which the above is quoted, reads 
as follows: 

When these studies were begun nothing had 
been published on the Omaha tribe except short 
accounts by passing travelers or comments made 
by government officials. None of these writers 
had sought to penetrate below the external aspects 
of Indian life in search of the ideals or belief 
which animated the acts of the natives. In the 
account here offered nothing has been borrowed 
from other observers, only original material gath- 
ered directly from the native people has been 
used and the writer has striven to make, so far 
as possible, the Omaha his own interpreter. 


By comparison of the two quotations it will 
be readily seen that the context has been will- 
fully disjointed and that a segregated part of 
it was used as if it were the whole, an unjusti- 
fied and unscholarly procedure. 

The plan and purpose of the authors was 
to present the results of independent and orig- 
inal investigations on the Omaha, extending 
for over thirty years, and, as stated on p. 30, 
to avoid the criticjsm of other writers. The 
final adoption of this plan was due in a large 
degree to the regard which the authors felt for 
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the late Rev. J. O. Dorsey. They honored his 
personal character and his conscientious ef- 
forts, and preferred silence to the unwelcome 
task of pointing out the numerous errors 
throughout his work when he was no longer 
living to rectify them. Had Mr. Dorsey con- 
tinued the study of the Omaha language and 
so perfected his knowledge of it he would 
have been better able to understand the mean- 
ing of the institutions and ideals of the tribe 
as they were explained to him in the native 
tongue. Regrettably his imperfect knowledge 
of the language, as can readily be seen in his 
Omaha texts, accounts for misconceptions that 
now appear in his writings. 

It is with regret that the authors are now 
obliged to break the silence which they would 
have preferred to maintain. The misconcep- 
tions of Mr. Dorsey, cited by the reviewer, 
they corrected in the interest of truth, but 
without caring to detract from the credit due 
to the deserving author. Their competency 
to do so comes from the long and careful 
study of the tribal institutions and the beliefs 
on which they were founded, made in con- 
junction with practically all those men of the 
tribe who by position and ability were quali- 
fied to explain and to interpret tribal life and 
thought, and also to point out the differences 
between teachings that were to be taken lit- 
erally and those which were symbolic in form 
and character. 

The unusual advantages under which the 
monograph was prepared are indicated in the 
foreword (p. 30). One of the authors is not 
only himself an Omaha and well versed in his 
native language, but is equipped with a knowl- 
edge of English, so that niceties of the mean- 
ing and of the usage of words are made clear. 
In consequence of these facts and conditions 
it was in the power of the authors to state 
that among the Omaha tribe there was no be- 
lief that the ancestors of the people were 
animals and that at death men returned to 
the animals from which they sprang. 

It would take too much space to reply to 
all the animadversions and innuendos of the 
would-be reviewer, nor would any good pur- 


pose thereby be served. 
Francis La FLESCHE 
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SCIENTIFIC BOOKS 


Eloges académiques et divers. Volume publié 
par le comité du jubilé scientifique de M. 
Gaston Darbour. By Gaston Darpovx. 
Paris, A. Hermann & Fils. 1912. Pp. 5295 
+4-+-portrait. Price, 5 frances. 

Jean Gaston Darboux, most eminent of liv- 
ing geometers, was born at Nimes, France, 
April 13, 1842. His scientifie career may be 
said to have begun with his entry into the 
Eeole Normale Supérieure in 1861. To com- 
memorate the fiftieth anniversary of this 
event’ it was proposed early in 1911, by a large 
international group of his mathematical co- 
workers, friends and former pupils (Professor 
Hale, of Mount Wilson Observatory, and Pro- 
fessor Hancock, of Cincinnati, were the Amer- 
ican representatives), to present to Professor 
Darboux a gold medal bearing his portrait, 
and an appropriate address signed by the par- 
ticipants. All mathematicians were invited 
to share in rendering this honor to Professor 
Darboux. The response was so generous, the 
committee was enabled not only to have the 
eminent artist M. Vernon execute the medal 
but also to publish a memorial volume. This 
volume contains a full report of the commem- 
oration proceedings which took place at the 
Sorbonne, January 21, 1912; Lippmann, Ap- 
pell, Poincaré, Picard, Volterra, were among 
the speakers. It also contains 6 éloges his- 
toriques (pages 1-306) which Darboux as sec- 
rétaire perpetuel delivered before the Acad- 
emy of Sciences of the Institut after his elec- 
tion in 1900. And finally, we find a dozen of 
his miscellaneous addresses (pages 307-440) 
among which mention may be made of that on 
“The Unity of Science,” delivered at St. 
Louis in 1904, and that on “ Fulton and the 
Academy of Science,” delivered in 1909. 

The volume is of particular interest to the 
scientist because of the most attractive style 


1Curiously enough the letter sent out by the 
international committee stated that the jubilee of 
service as a teacher in the system of public in- 
struction in France was to be celebrated. This 
error is perpetuated on page 443 of the memorial 
volume to be presently referred to. As a matter 
of fact, Darboux is even now a year or so short of 
such a period of service. 
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of the éloges historiques here collected with 
annotations from volumes of the Mémoires de 
V’Académie des Sciences de ITInstitut de 
France. Nowhere else are such extended ac- 
counts of the scientific careers of Bertrand 
(pages 1-60), Perrier (pages 61-115), Her- 
mite (pages 116-172), D’Abbadie (pages 173— 
217), and Meusnier (pages 218-262) to be 
found. 

Joseph Louis Francois Bertrand (1822— 
1900) was one of that remarkable group of 
mathematicians—among them, Poinsot, Pois- 
son, Cauchy, Poncelet, Chasles, Lamé, Le 
Verrier, Liouville, Halphen, Hermite, Poin- 
caré—who were, at least in part, the product 
of instruction at the Ecole Polytechnique. A 
child prodigy and boy not to be bound down 
by the ordinary routine of the lycée he was 
nevertheless bachelier, licenciée and docteur és 
‘science when 17 years of age—the youngest 
doctor of science whom France has ever pro- 
duced. He then took the entrance examina- 
tions for the Ecole Polytechnique. Bertrand 
has left us some details; Bourdon and Au- 
guste Comte were the examiners: 


J’ai le souvenir de 1’étonnement de M. Bourdon 
qui, sachant que j’étais docteur @s sciences, 
m’avait fait un examen difficile. A la suite de je 
ne sais quelle réponse, il me dit: ‘‘ Vous n’avez 
done jamais onvert une table de logarithmes?— 
Je lui répondis: Non, Monsieur, jamais.’’ [I prit 
cela pour une impertinence; c’était la pure verité. 
Je n’avais fait aucun, devoir scientifique ou lit- 
téraire, jamais aucun calcul demandé par aucun 
maitre. 


Bertrand then continues: 


A 1’Eeole Polytechnique, j’étais un probléme 
pour mes camarades. Recu le premier et gardaut 
le premier rang dans toutes les épreuves, je les 
étonnais de temps en temps par une ignorance 
scandaleuse sur des notions qu’on enseigne en 
septiéme. Beaucoup d’entre eux croyaient a une 
ignorance affectée; j’en étais trés haiteux au con- 
traire. J’ignorais complétement, par example, 
quelle sorte de mots les grammairiens désignent 
par le terme d’adverbes. 


Bertrand became “répétiteur adjoint d’- 
analyse” at the Ecole Polytechnique in 1844 
and professor of analysis in 1856. This posi- 
tion he held till, by reason of the legal age 
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limit, he was retired in 1895, after 51 years 
of service. On Bertrand, as well as on Poin- 
caré in more recent times, was bestowed 
the supreme honor which France has in her 
gift for the élite of her scientists, namely, of 
election to both the Académie des Sciences 
(1856) and the Académie Francais (1884) of 
the Institut. 

For an account of Bertrand’s researches in 
geometry, analysis, rational mechanics and 
physics, and of his text-books so popular in 
secondary education, reference must be made 
to Darboux’s memoir. One may here also 
find a sketch of his family life and of his per- 
sonal characteristics. 

Francois Perrier (1833-1888), another 
graduate of the Ecole Polytechnique, was em- 
ployed for nearly a score of years by the gen- 
eral army staff, before he became a chief of 
the geodetic survey and professor of geodesy in 
the Ecole de Guerre, Paris. His extensive sci- 
entific work was in the field of geodesy. 

Charles Hermite (1822-1901) at the time 
of his death was ranked first among French 
mathematicians. It was in connection with 
algebra and arithmetic that he was essentially 
inventor and creator; most notable were his 
contributions to elliptic and Abelian functions, 
algebraic forms and the theory of numbers. 
Through his proof of the transcendence of e 
he may well share with Lindemann (who em- 
ployed very similar methods in discussing the 
transcendence of wr) the honor of settling the 
problem of the squaring of the circle, which 
had been handed down through the centuries. 
All these topics and Hermite’s career, as pro- 
fessor at the Ecole Polytechnique and at the 
Sorbonne, as academician, as friend of mathe- 
maticians scattered all over the world—are 
treated at length by Darboux.’ 

Antoine Thompson d’Abbadie (1810-1897) 


Disciples of Francis Galton will surely find 
material of interest in studying hereditary traits 
of the families of some French mathematicians. 
For Bertrand was a nephew of Duhamel. Emile 
Picard and Paul Appell are nephews (the latter 
by marriage) of Bertrand. Pierre Boutroux is a 
nephew of Poincaré. Picard’s wife was Hermite ’s 
daughter and Borel married a daughter of Appell. 
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was by birth an Irishman. His father, who 
was descended from an ancient French fam- 
ily, left his native land just before the Revo- 
lution and emigrated to Ireland, where he 
married a Miss Thompson. About 1820 they 
returned to France with their six children 
who had been born in Ireland. Two of the 
children, the brothers, Antoine and Arnaud, 
became scientists and performed much of 
their scientific exploration together in Abys- 
sinia and Ethiopia. Antoine was chief of 
the Venus expedition to Hayti in 1882. Ex- 
ploration, seismology, geodesy, meteorology, 
astronomy, claimed his attention at different 
periods of his life. His principal published 
work was the monumental “Geodésie de la 
haute Ethiope” (1873), which appeared 
shortly after his election to the Academy of 
Sciences. 

General Jean Baptiste Marie Charles 
Meusnier de Laplace was born at Tours in 
1754, and died at Mayence in 1793, as the re- 
sult of wounds received in battle. Although 
thus cut off at the early age of 39 “ il laissait ” 
to quote the words of one of his friends, “ des 
traces brillantes d’un intelligence d’élite 
secondée par un zéle infatigable.” 

His single memoir in pure mathematics was 
written just as he was leaving the Ecole Poly- 
technique and contains a complete theory of 
the curvature of surfaces’ from an entirely 
different point of view from that which 
Euler illuminated in 1763. When Meusnier’s 
memoir was presented to the Institut in 1776 it 
created a sensation (d’Alembert exclaimed, 
“ Meusnier commence comme je finis”); and 
although only 22 years of age he was immedi- 

*‘¢Mémoire sur la courbune des Surfaces,’’ 
Savants étrangers, t. X., 1785, pp. 477-510. It is 
this memoir which contains the famous theorem 
concerning the curvature of oblique sections of 
surfaces, with which Meusnier’s name is always 
associated. English writers and the American his- 
torian Cajori incorrectly write Meusnier’s name 
without the s. 

*‘*Recherches sur la courbune des Surfaces,’’ 
Mémoires de 1’Acad. d. sc. de Berlin, [t. XVI.] 
(1760), 1767, pp. 119-143+2 Taf. A memoir 
with this title was presented to the academy by 
C. G. J. Jacobi on September 8, 1763. 
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ately elected a correspondent of the Academy 
of Sciences. While connected with the army 
during the next few years, Meusnier con- 
structed a machine for the distillction of sea 
water and the extraordinary results, in con- 
nection with both the theory and practise of 
aerostation, which he presented to the Acad- 
emy in 1784, brought about his election as 
academician. 

It was in 1783 that Lavoisier and Laplace 
maintained before the Institut that the “ ele- 
ment” water was formed by the combustion of 
hydrogen in oxygen. But some doubt existed 
as to the conclusions. This doubt was forever 
removed a year later, through experiment in- 
spired by the genius of Meusnier. The subject 
was presented to the Academy in a “ Mémoire 
.. . par MM. Meusnier et Lavoisier.” 

R. C. ArcHIBaLp 

Brown UNIVERSITY, 

PROVIDENCE, R. I. 


Color Standards and Nomenclature. By 
Ropert Ripeway, M.S., C.M.ZS., etc.; 
Curator of the Division of Birds, U. 8. 
National Museum. Pp. iii-+ 44, with 53 
plates containing illustrations of 1,115 
named colors, and providing a system of 
nomenclature permitting the definite loca- 
tion and designation of over 4,000 colors. 
Published by the author, Washington, D. C. 
Press work by A. Hoen & Co., Baltimore. 
This work is a conspicuous example of that 

devotion to science which has led a few men 

to give the better part of their lives to the 
accomplishment of some important task, their ~ 
hope of reward being little more than the 
satisfaction of having finished a work that 
will serve to advance science, and thus con- 
tribute to the welfare of mankind. More than 
twenty years ago the author began the at- 
tempt to supply a practical means of identi- 
fying the color of natural objects, so that this 
important property of these objects might be 
used with some degree of precision in identi- 
fying them. The task has been an enormous 
one, involving much pioneering in a little 
understood field of science. Many important 
problems had to be solved before the work 
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reached the final stages, and a vast amount of 
work had to be done over and over again as 
advances were made. The manner in which 
the more important of these problems have 
been met is set forth below. 

This book is, of course, not the first attempt 
that has been made to supply standards of 
color. Ridgway himself had made an earlier 
attempt.’ On this subject the author, in his 
preface, remarks: “ Many works on the sub- 
ject of color have been published, but most of 
them are purely technical, and pertain to the 
physics of color, the painter’s needs, or to 
some particular art or industry alone, or in 
other ways are unsuited for the use of the 
zoologist, the botanist, the pathologist. or the 
mineralogist; and the comparatively few 
works on color intended specially for natural- 
ists have all failed to meet the requirements, 
either because of an insufficient number of 
color samples, lack of names or other means 
of easy identification or designation, or faulty 
selection and classification of the colors 
chosen for illustration.” 

The scheme of classification used is essen- 
tially that suggested by Professor J. H. 
Pillsbury. The key to the arrangement of 
colors in this scheme is the solar spectrum, 
augmented by adding to the violet end of the 
spectrum the hues obtained by mixing violet 
and red in various proportions by means of the 
Maxwell color disks.* 

In determining the number of color stand- 


1“*A Nomenclature of Colors for Naturalists,’’ 
ete., 1886. 

*See ScrENcE, June 9, 1893; also Nature, Vol. 
LII., No. 1347, August 22, 1895, pp. 390-402. 

*If a wheel made up of sectors of different 
color be rapidly revolved on its axis the various 
colors will appear to blend into a single color. 
This is the principle of the Maxwell color disks. 
Throughout this review when reference is made to 
the mixing of colors what is meant is the blend- 
ing of colors produced on a rapidly revolving 
Maxwell disk having its sectors differently colored. 
In this sense we may with propriety speak of the 
blending, say, of black and red as the mixing of 
these two eolors, using the term color in its 
broadest sense. The mixing of pigments is a 
different thing, and is not here referred to. 
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ards to be used the first problem was to deter- 
mine the number of segments into which the 
original fundamental series should be broken. 
It is both impracticable and unnecessary to 
break this continuous series into the more 
than one thousand hues that are recognizably 
different to the normal eye. On the other 
hand, the number of segments must be suffi- 
ciently large that the gaps between them may 
be small enough to serve the practical purpose 
of identifying colors. On this point the 
author says: “ Distinctions of hue appreciable 
to the normal eye are so very numerous that 
the criterion of convenience and practicability 
must determine the number of segments into 
which the ideal chromatic scale or circle‘ may 
be divided in order to best serve the purpose 
in view. Careful experiment seems to have 
demonstrated that thirty-six is the practicable 
limit,” and accordingly that number has been 
adopted.” 

As far as possible the gaps between each 
successive pair of these 36 elements of the 
fundamental series are in each case the same 
in amount of visual color difference. The 
scheme of nomenclature adopted provides for 
an additional color in each of these gaps, so 
that the fundamental series really consists of 
72 named (or rather symbolized) colors, 
though only 36 are given on the color plates. 

The fundamental series of colors thus ob- 
tained is modified in three different ways in 
order to cover the whole range of color varia- 
tion. Each of these modifications produces a 
continuous series, which we may call a sec- 
ondary series. Each of these secondary series 
begins with the fundamental series, either 
pure or as modified in a previous secondary 


*The addition of the hues obtained by various 
mixtures of violet and red renders the funda- 
mental series a repeating one, and the various 
hues of which it is composed may hence be ar- 
ranged in a circle in which there is at all points 
a gradual change of hue in passing from one 
primary spectrum color to another. (Footnote by 
the reviewer.) 

‘<«That is to say, the practical limit for pic- 
torial representation of the colors in their various 
modifications.’’ (Footnote of the author.) 
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series, and ends with either white, black or 
neutral gray, according to the character of the 
modification under consideration. The na- 
ture of these secondary series will be under- 
stood from the details that follow. 

Neutral gray is defined by the author as 
“being the gray resulting from mixture (on 
the color wheel) of the three primary colors 
(red 32, green 42, violet 26 per cent., which 
in relative darkness equals black 79.5, white 
20.5 per cent.).” It may also be described 
roughly as follows: If by means of a white 
and a black disk on the color wheel a series of 
grays be prepared extending from white to 
black, the visual difference between each of 
the successive elements of the series being the 
same, the middle member of this series would 
be neutral gray. In other words, and roughly 
speaking, neutral gray is optically half way 
between white and black.° 

The first of the three modifications of the 
fundamental series above mentioned consists 
of mixing the colors of the fundamental series 
with neutral gray. This produces a contin- 
uous series of “broken,” or dull, colors. 
Since it is manifestly impossible to illustrate 
on the color plates every infinitesimal element 
of such a series, it becomes necessary to choose 
certain points in such series as standards. 
This choice is based on considerations similar 
to those involved in breaking up the original 
fundamental series into segments. Five dif- 
ferent admixtures of neutral gray were used, 
giving five series of broken colors. The ele- 
ments of the fundamental series are designated 
in the scheme of nomenclature adopted by the 
cardinal numerals from 1 to 72, only those 
designated by the odd numbers being illus- 
trated on the color plates. The first series of 
broken colors, which are obtained from the 
fundamental series by the admixture of 32 
per cent. of neutral gray, are designated by the 
primed numbers from 1’ to 71’. The second 
series of broken colors contain 58 per cent. of 
neutral gray, and are designated as 1” to 71”. 
The third contains 77 per cent. of neutral gray, 


*Some authorities use this term to mean gray 
of any shade or tint provided it shows no spec- 
trum color. 
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and are designated by the numbers 1’” to 69’”. 
The fourth, 90 per cent., and designated as 
1”” to 69’. The fifth, 95.5 per cent., desig- 
nated as to 67’. 

The fundamental series and the five series 
of broken colors are represented on the color 
plates by 150 color specimens. These are 
arranged in sequence, beginning with red of 
the fundamental series, and running through 
the spectrum six times. They form a hori- 
zontal line crossing each plate in the middle 
of the page, and constitute the middle ele- 
ments of vertical series extending above and 
below them as follows: 

Extending upward from each of these 150 
color specimens is a series of “tints” of that 
particular color. These tints are obtained by 
mixing each of the 150 colors mentioned with 
white. Three tints of each color are shown, 
the first being obtained by mixing with the 
original colors of the series 9.5 per cent. of 
white, the second by the admixture of 22.5 
and the third of 45 per cent. of white. Above 
the last tint in each vertical series is a speci- 
men of white. 

Extending downward from each of the 150 
middle elements described above is a series of 
“shades” of these elements. The first of 
these shades is obtained in each case by the 
admixture of 45 per cent. of black with the 
original color of the middle series. The sec- 
ond shade contains 70.5 per cent. of black, 
and the third 87.5 per cent. At the bottom 
of each vertical column is a specimen of 
black. For each of the 150 elements obtained 
from the fundamental series and the five 
series of broken colors obtained directly from 
it by the admixture of neutral gray we there- 
fore have a vertical series of shades and tints 
of that color. Each vertical series extends 
from white to black, the middle point being 
one of the 150 middle elements of the scheme 
of classification. This arrangement of the 
colors greatly facilitates the comparison of 
any object with the 1,115 color standards illus- 
trated in the color plates with a view to deter- 
mining and recording its color. 

The system of nomenclature used by the 
author has already been partially detailed 
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above. It is the excellent system of identi- 
fying each color variation by means of sym- 
bols which serve to show the location of the 
color in the scheme of classi€cation that is 
the most distinctive and orizinal feature of 
the work. As stated above, each of the 36 
segments of the fundamental series is desig- 
nated by the odd numbers 1, 3, 5, etc., to 71, 
the even numbers being reserved for colors 
intermediate between them. These same 
numbers modified by the use of primes are 
used to designate the same colors modified by 
the admixture of neutral gray. Thus the 
color designated as 27’ is number 27 of the 
fundamental series weakened by the admix- 
ture of 77 per cent. of neutral gray (third 
series of broken colors). 

The tints of any color are designated by 
the number of the color with the addition of 
one of the letters a, b, c, d, e, f or g. The 
three tints of each color illustrated on the 
plates are designated by the letters b, d and 
f, the other letters being reserved for tints 
intermediate between those of the specimens 
in the book. The shades of a color are sim- 
ilarly designated by the number followed by 
one of the letters h ton. Thus, 35” i denotes 
the thirty-fifth segment of the fundamental 
series diluted as shown in the second series of 
broken colors, and further reduced by the 
admixture of 45 per cent. of black. 

The system thus provides a means of desig- 
nating not only each of the 1,115 specimens 
of color given in the plates, but all kinds of 
intermediates between them, the total exceed- 
ing 4,000 color variations. The magnitude of 
this task will be appreciated when it is re- 
membered that in the author’s previous book 
the number of colors named and illustrated 
was only 186, while in Milton Bradley’s excel- 
lent little treatise on elementary color there 
are only 126. 

The problem of choosing just what hues, 
tints, shades and broken colors should be rep- 
resented in the color plates presents many 
practical difficulties. The simplest phase of 
this problem is that of choosing the particular 
spectrum hues to be designated by the simple 
names red, orange, yellow, green, blue and 


(N.S. VoL. XXXVII. No. 965 


violet. The authorities are by no means 
agreed as to just what part of the spectrum 
is the reddest part of the red, the greenest 
part of the green, etc. Thus the red of ten 
different authors varies from 644 to 703 
10° em. in wave-length. Most of the other 
colors vary as much according to different 
authorities. Each author is a law unto him- 
self in such matters. This is one of the 
reasons why any system of color standards 
which will serve the main purpose of such 
standards, namely, that of identifying the 
actual colors met with in nature and in the 
arts, would be eagerly adopted by naturalists, 
as well as by those who find need of color 
standards in the arts. 

A much more important difficulty arises 
from the fact that certain hues of the funda- 
mental series require more elements than 
others in the series of tones between white 
and black in order to make the optical in- 
tervals between the tones chosen as standards 
equal in the different series of tones. The 
author has chosen to represent three tints and 
three shades of each of the pure colors. This 
gives a series of seven elements in each series 
of tones. Except in the yellows this seems to 
be very satisfactory, but the eye can distin- 
guish such small differences of tone in this 
part of the spectrum that a larger number of 
elements in the series of tones would have 
been helpful. In the yellows and greens there 
is also a considerable optical interval between 
the darkest shade (containing 95.5 per cent. 
of black) and the adjacent samples of black. 

The fact that in the series of broken colors 
the optical intervals between the adjacent 
hues are less evident than in the full colors 
also gives rise to a number of practical diffi- 
culties in determining just what elements to 
drop out in order to make the intervals of 
suitable magnitude and still cover the range 
of color variation in a satisfactory manner. 
None are omitted in the first and second series 
of broken colors, but in the third and fourth 
each alternate hue is omitted, while the fifth 
series contains only the six hues ordinarily 
designated as the primary spectrum colors, 
except that yellow-orange replaces orange as 
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being more nearly intermediate between red 
and yellow. 

The last of the 53 color plates gives two 
series of tones of gray, one obtained by mix- 
ing white and black on the color wheel, the 
other by mixing lamp black and Chinese 
white. Plates XXII, and XXIV. are extras, 
from one of several series made during the 
progress of the work, given because they show 
a number of important intermediates of the 
present series that are very useful. Both 
these plates fall in the first series of broken 
colors. 

Every one of the 1,115 specimens of color 
shown on the plates is given a name. The 
method used in selecting these names is given 
in considerable detail. An excellent index of 
color names is given on pages 29 to 40, with 
references to the corresponding specimens in 
the plates. 

Not the least valuable feature of the book 
is the list of definitions of color terms on 
pages 15 to 20. The list of dyes and pigments 
used in the preparation of the Maxwell disks 
representing the 36 colors of the fundamental 
series is given on pages 26 and 27. The text 
ends with a list of a few of the modern books 
on the subject which the author found most 
useful in his work. 

It is perhaps too much to say that this 
monumental work is the final solution of the 
problem of color standards, but it is doubtful 
if any one so competent as Ridgway in mat- 
ters relating to color will in the near future 
devote a very important portion of his work- 
ing life to the subject as Ridgway has done. 
He has certainly produced a usable set of 


standards. 
W. J. 


U. S. DEPARTMENT OF AGRICULTURE 


Microbes and Toxins. By E. Burnet. Trans- 
lated by C. Broquet and W. M. Soorr. G. 
P. Putnam’s Sons. 1912. 

When Professor Metchnikoff was asked by 
the publishers of the Bibliothéque de Phi- 
losophie Scientifique to prepare for that li- 
brary a book on microbes and toxins he turned 
the task over to one of his younger colleagues, 
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Dr. Etienne Burnet. An English translation 
has promptly been prepared and makes a vol- 
ume of some 300 pages. There are four intro- 
ductory chapters—on the carbon and nitrogen 
cycles, on the presence of microbes on the sur- 
faces of the human body, on the morphology, 
and on the physiology of the microbes—and a 
concluding chapter on chemical remedies for 
microbice disease (sleeping sickness and syph- 
ilis). The other ten chapters forming the bulk 
of the book deal directly with the problems of 
infection and immunity. 

The book is a little difficult to place. Ac- 
cording to Professor Metchnikoff’s preface it 
appears to be intended for general reading. 
“Tt is time,” he says “for bacteriological sci- 
ence to leave the laboratory and the lecture 
theater and to take its place before the great 
public, in order that its benefits may receive 
the widest and readiest application.” It takes 
a mature mind and a special gift, however, to 
produce a really popular and yet valuable book 
upon a technical subject. The present volume 
is crammed with minute details and discus- 
sion of controversial points and seems to the 
reviewer quite unsuited for the general pub- 
lic. Even for a student’s text-book, there is 
more detail than is desirable. On the other 
hand, the treatment is by no means sufficiently 
full and complete to serve as a reliable work 
of reference for the advanced worker. 

Its greatest value perhaps lies in the fact 
that it presents very fairly the position of the 
Pasteur Institute headed by Professor Metch- 
nikoff; and the important part played by this 
school in the development of our knowledge 
of immunity makes such a “ brief,” if it may 
be called so, a valuable contribution to the 
history of bacteriology. The problems of in- 
testinal bacteriotherapy in Chapter IL, of 
phagocytosis in Chapters VI. and X., and of 
the mechanism of immunity in Chapter XI., 
for example, are of special interest. 

The view is of course always that of Pro- 
fessor Metchnikoff and his associates rather 
than a well-rounded presentation of generally 
accepted opinion; and doubtful points are 
often dismissed with what one is tempted to 
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characterize as truly Gallic dogmatism. In 
regard to the relative importance of humoral 
and phagocytic factors in immunity state- 
ments of the most sweeping nature are made. 
So we read on page 205: “ Are the opsonins 
substances or properties new and unknown be- 
fore Wright’s researches? Numerous experi- 
ments ascribe to the opsonins of normal serum 
the same properties as characterize the com- 
plement. They are products of the leucocytes.” 
And again on poze 227: “ There are only two 
‘theories,’ that of Ehrlich and that of Pordet, 
which, with their conjectures, their uncer. 
tainty, their attempts at explanation, and 
their continual state of incompleteness, are 
striving to round off the positive doctrine, the 
expression of undoubted facts, namely, phago- 
cytosis.” “It is no way of recognizing the 
capital importance of phagocytosis to admit 
that anti bodies and other humoral properties 
are produced by the phagocytes. The essential 
fact is the destruction of the microbes by in- 
corporation and digestion. Extraphagocytic 
destruction is so much an exceptional case 
that it can not even be brought in as opposi- 
tion.” 

The illustrations are for the most part crude 
line drawings of the type found only in 
French texts. The English translation is 
somewhat unfortunate, abounding in construc- 
tions like the following (from p. 171): “To 
prepare an anti-endotoxin, as in the prepara- 


Red black 9 fred gray 113 
red black 52 
x oe” red gray ¢ and 9 => : pink gray 47 
Pink gray ¢ | pink Dlack 22 
Red gray 9 fred gray 279 
red black 96 
x red gray ¢ and 9 @> < pink gray 107 
Pink black ¢ | pink black 40 
F, red gray 2 from above red gray 96 
red black 111 

Xx 

o” pink gray 67 
Pink black ¢ | pink blacix 77 
Vestigial red 9 ‘long red 717 

a long pink 268 
x long red f and 2 > 4 vestigial red 136 
Long pink ¢ | vestigial pink 50 
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tion of an antitoxin, it is necessary to inject 
several times into an animal, for example, the 
horse, the toxic substance, in this case the bac- 
terial bodies, entire or broken up”; so that 
the reader is almost reminded of the fate of 
the famous jumping frog after his translation 
into French and back again. 
C.-E. A. Wiystow 


SPECIAL ARTICLES 


A THIRD GROUP OF LINKED GENES IN DROSOPHILA 
AMPELOPHILA 

THR exisience cf a group of sex-linked 
genes in Drosophila ampelophila which are 
linked to each other in different degrees has 
been demonstrated by Morgan in numerous 
papers (710, *11, 712) and by Sturtevant 
(13). The fact that the black and vestigial 
factors, which are not sex-linked, are linked 
to each other, was reported by Morgan and 
Lynch (712) and by Morgan (’12), and these 
genes were considered as lying in the “ sec- 
ond chromosome.” The present paper pre- 
sents evidence showing the existence of still 
another group of genes, which are located in 
the “third chromosome.” 

The pink-eyed fly, first described by Mor- 
gan (711), has been shown (Morgan, 711, 712) 
to behave as an ordinary Mendelian recessive 
to the normal red. That this factor is inde- 
pendent of those in the second chromosome is 
shown by the following experiments: 
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Except for disturbances due to differences in 
viability these are obviously 9:3:3:1 ratios, 
except the third, which is 1:1:1:1, as ex- 
pected. Evidently pink is not linked either 
to black or to vestigial. 

In the balloon-winged stock (see Morgan, 
11) there appeared a very dark mutant, which 
has been named ebony. This fly is darker and 
more shiny than the black fly, and has a 
slightly greenish, smoky color when young. 
It behaves as a simple Mendelian recessive to 
the normal gray color, though the heterozy- 
gous form is often somewhat darker than the 
wild fly. The femsies of this race are often 
sterile, and seldom pruduce many offspring, 
but the males breed freely when mated with 
other females, and produce many offspring. 
That the gene concerned is not in the second 
chromosome is indicated by the following ex- 
periment: 


Vestigial gray 9 


long gray 
os” 


Long ebony ¢ 


This is a simple 9:3:3:1 ratio, except that 
the viability of the ebonies is not quite as 
good as that of the grays. Ebony has also 
been shown to be independent of two other 
wing factors in the second chromosome— 
curved and balloon. 

When pink-eyed flies were crossed to those 
with ebony body color, the following result 
was obtained: 


Gray pink gray red 3764 
gray pink 1369 

x gray red ebony red 1112 
Ebony red ebony pink 0 


This count includes a few F, flies derived 
from F, red grays mated together, but also 
includes large numbers of F,’s from each of 
the reciprocal crosses—ebony ? * pink ¢ and 
pink 2 & ebony ¢. In the later generations 
from these crosses the writer was able to ob- 
tain a few ebony pink flies, and a pure stock 
of this combination was then made up. When 
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these flies were used for “coupling” experi- 
ments the result was as follows: 


Ebony pink gray red 272 
gray pink 12 


gray red ebony red 10 


Gray red ebony pink 65 


The result indicates that the two genes in- 
volved are really linked in the ordinary sense. 
In order to get more exact data doubly hetero- 
zygous flies have been crossed to double re- 
cessives (ebony pink). Owing to the difficulty 
of breeding ebony females it has not yet been 
possible to make any extensive tests of the 
umount «f eressing over in males, but the 88 
fies so iar raised from dorbly heterczygous 
males by ebony pink females have none of 
them been cross-overs. Similar tests of 
doubly heterozygous females have disclosed 
the existence of much variability in the 
amount of crossing over, the extreme values 


long gray 268 

long ebony 79 

and ¢ vestigial gray 94 
| vestigial ebony 24 


so far obtained being about 1 per cent., on the 
one hand, and about 27 per cent., on the other. 
This matter is being further investigated, 
and it seems probable, from results already 
obtained, that external conditions play a 
large part in it. The detailed counts are re- 
served until this side of the question is more 
thoroughly worked out, but the totals are 
given below, because they show beyond ques- 
tion that linkage occurs. When females that 
showed “ coupling ” (in Bateson’s (’06) sense) 
—i. e. in which red and gray, pink and 
ebony were linked—were tested by mating to 
ebony pink males, the result was as follows: 


Gray red (heterozygous) ? gray red 880 
gray pink 86 
x ebony red 65 


o” 
Ebony pink ¢ ebony pink 691 


Tests of females showing Batesonian “ 


re- 


pulsion ” (having red linked with ebony, pink 
with gray—Bateson and Punnett, ’11) gave 
the following result: 
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Gray red (heterozygous) 9 gray red 3 
gray pink 601 
x o” ebony red 584 
Ebony pink ¢ ebony pink 4 


This gives a total of 158 cross-overs out of 

2,914 flies, but the absolute proportion is not 

very significant, because of the variability 

mentioned above. That rather strong link- 

age exists, however, there can be no doubt. 
A. H. Srurrevant 

COLUMBIA UNIVERSITY, 
May, 1913 


THE NORTH CAROLINA ACADEMY OF 
SCIENCE 


THE twelfth annual meeting of the North Caro- 
lina Academy of Science was held in the Science 
Building at the State Normal College, Greensboro, 
on Friday and Saturday, April 25 and 26, 1913. 

Following a meeting of the executive committee 
early on Friday afternoon, a session was held for 
the reading of papers. At the night meeting, 
after an address of welcome by President J. I. 
Foust, of the college, President C. S. Brimley, of 
the academy, delivered his presidential address on 
‘*Zoo-geography.’’ Adjournment was then had to 
the Students’ Building, where the members of the 
academy were given a reception by the faculty of 
the college. 

On Saturday morning the academy met for its 
annual business meeting. Reports were then made 
by the secretary-treasurer and the several stated 
committees. Twelve new members were elected. 
The finances were shown to be in good shape—all 
bills being paid, with $125 in the savings bank. 
It was noted that Dr. C. W. Stiles, one of our 
members, had by action of the executive com- 
mittee been appointed to represent the academy 
at the Ninth International Zoological Congress at 
Monaco, March 25-29, 1913. 

The following officers were elected for the en- 
suing year: 

President—Franklin Sherman, state entomolo- 
gist, Raleigh. 

Vice-president—Z, P. Metcalf, professor of en- 
tomology, North Carolina Agricultural and Me- 
chanical College, West Raleigh. 

Secretary-treasurer—E. W. Gudger, professor of 
biology, State Normal College, Greensboro. 

Additional Members of Executive Committee— 
W. C. Coker, professor of botany, University of 
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North Carolina, Chapel Hill; J. J. Wolfe, pro- 
fessor of biology, Trinity College, Durham; C. §, 
Brimley, naturalist, Raleigh. 

Following the business meeting, the reading of 
papers was resumed and continued until the pro- 
gram was finished and adjournment had at 1:15 
P.M. The attendance was 27 out of a membership 
of 76. There were 22 papers on the program. 
Four of these were read by title, one was pre- 
sented by another member in the absence of the 
author, and the other 17 were read by their au- 
thors in order as called for on the program. 

The papers read were as follows: 


Zoo-geography: C. 8. BRIMLEY, Raleigh. 

Briefly discusses the primary life areas of the 
world, which the author believes to be five in 
number, namely, an Australian, a Neotropical, an 
Ethiopian, an Indian with the limits usually as- 
signed to them by zoologists, and lastly a Northern 
Realm, including all of the earth’s land surface 
lying north of the other four. The paper then 
divides the Northern Realm into three regions, an 
Arctic, a Eurasian and a North American, and 
proceeds to divide the North American continent 
into the usual seven life zones, Arctic, Hudsonian, 
Canadian, Alleghanian, Upper Austral, Lower 
Austral and Tropical. The life zones entering the 
state of North Carolina are then discussed at 
greater length and found to be four in number, 
the Canadian, Alleghanian, Upper and Lower 
Austral. The first is stated to occupy the summits 
of the mountains above about 4,500 feet, the 
second that portion of the mountain region lying 
between 2,500 and 4,500 feet elevation, the third 
comprising the mountain valleys under 2,500 feet, 
and the central part of the state lying between 
the mountains and a line drawn from Weldon to 
Raleigh, and thence to Charlotte, the fourth in- 
cluding the remainder of the state, namely, all 
lying south and east of the above-named line. 
The animals distinctive of these zones are named 
and certain irregularities and anomalies in dis- 
tribution are pointed out. 

This paper will appear in full in the May issue 
of the Journal of the Elisha Mitchell Scientific 
Society. 


Will Cells of the Embryo Sea Urchin, when Rein- 
troduced into the Body of the Adult, become 
Tissue Cells of the Latter? H. V. Witson, Uni- 
versity of North Carolina, Chapel Hill. 
Plasmodia formed by union of lymph cells were 

allowed to engulf blastule, and were grafted on 

the wound membranes which close in apertures 
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made in the test of the urchin. The blastule after 
certain changes broke up into their constituent 
cells. In this way dissociated embryonic cells were 
brought into the midst of a developing membrane, 
having a very simple histological character. In 
the actual experiments a very large proportion of 
the embryonic cells underwent degeneration. 
There was some evidence, though by no means con- 
vineing, that groups of the smaller cells became 
part of the developing membrane. 


Alternation of Generations in Padina: Jas. 5. 

WOLFE, Trinity College, Durham. 

While at work on the life history of Padina at 
the Fisheries Laboratory at Beaufort it seemed 
worth while to test the theory of alternation of 
generations in such plants by the cultural methods 
devised by Hoyt.t Numerous cultures were made 
during the summer of 1910 and the next—all 
having but indifferent success. They were re- 
peated in 1912 with somewhat better results. The 
cultures of tetraspores produced a total of 134 
male, 154 female, and no tetrasporic plants. Those 
from fertilized eggs were somewhat less conclu- 
sive. Nevertheless, the evidence from cultures 
strongly supports the view that in Padina there is 
a real alternation of sporophyte with gametophyte. 


Gestation in the Nurse Shark, Ginglymostoma cir- 
ratum: E. W. GupGER, State Normal College, 
Greensboro, N. C. 

A brief description was given of the breeding 
habits and of some points in the embryology of 
this shark, which was studied at the laboratory 
of the Carnegie Institution at Tortugas, Florida, 
in June and July, 1912. A brief account has been 
published in the Year Book for 1912 of the Car- 
negie Institution of Washington, Department of 
Marine Biology, pages 148-150. 


Hybridization Experiments on Frogs: W. C. 
GEORGE, University of North Carolina, Chapel 
Hill. 

Chorophilus n. feriarum was crossed with Acris 
gryllus. About half of the eggs segmented. (In 
the pure Chorophilus control practically all the 
eggs segmented.) The development was markedly 
retarded and was abnormal. The conspicuous ab- 
normalities concerned the behavior of the yolk 
pole. Thus segmentation at this pole was not 
perfect, and the closure of the blastopore was 
interfered with in such wise that there developed 
the well-known abnormal type produced in so 
many ways, characterized by a large blastopore 
area and the differentiation of the neural plate. 


* Bot. Gaz., January, 1910. 
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The Toxicity of Cottonseed Meal: W. A. WiTHErs, 
J. F. Brewster, L. F. and J. W. 
NOWELL. With the collaboration of R. 8. Cur- 
TIS and G. A. Roperts, North Carolina Experi- 
ment Station, West Raleigh. 

The authors conclude from experiments, some of 
which have been published,’ that the toxicity of 
cottonseed meal is due to a constituent group of 
the proteins, probably one containing loosely 
bound sulphur. They suggest some form of iron 
as an antidote, having found with Belgian hares 
that citrate of iron and ammonia (0.7 gm. daily) 
is effective in overcoming and in preventing cot- 
tonseed meal intoxication. Further experiments 
are in progress with small animals and with swine. 
Efforts to isolate the toxie substance will be 
continued. 


Fishing for Sharks in Key West Harbor: EF. W. 
GUDGER, State Normal College, Greensboro. 

In this paper the capture was described of a 
7-foot 10-inch male specimen of Hypoprion brevi 
rostris and a 10-foot 10-inch female specimen of 
the tiger shark, Galeocerde tigrinus, in Key West 
Harbor, in July, 1912. These two fishes not being 
very well known, it is proposed later to publish 
eareful descriptions with exact measurements. 

The jaws of the tiger shark, which were exhib- 
ited. measured 1 foot 4 inches straight across, and 
around the curve of the jaws 1 foot 9 inches. Its 
stomach contained more than a half barrel of 
miscellaneous material, including a cow’s head 
(dehorned) minus the lower jaws, the vertebral 
column of a sheep, the scutes of a green turtle, 
the bones and feathers of two birds and a lot of 
tin cans and sea weed. The uteri were dissected, 
but unfortunately the fish was not in breeding 
condition. 

{ Second Capture of the Whale Shark, Rhineodon 
typus, in Florida Waters: E. W. GUDGER, State 
Normal College, Greensboro. 

This paper will be published in full in ScrENCE. 

For the following papers no abstracts have been 
received: 

‘¢Some Possible Effects of Solar Rays,’’ George 
W. Lay, St. Mary’s School, Raleigh. (Read by 
title.) 


‘‘Seasonal Periodicity in the Water Moulds,’’ 
W. C. Coker, University of North Carolina, 
Chapel Hill. 

1 Proceedings Society for Promotion Agricul- 
tural Science, 1912, pp. 19-21, and Journal of 
Biological Chemistry, Volume XIV. (1913), pp. 


53-58. 
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‘*Vaccination against Tuberculosis,’’ C. A. 
Julian, Thomasville. 

‘*The Geological History of Western North 
Carolina,’’ J. H. Pratt, State Geological Survey, 
Chapel Hill. 

** Action of Ammonia upon Arsenic Iodide,’’ C. 
H. Herty and J. T. Dobbins, University of North 
Carolina, Chapel Hill. 

‘*A List of the Known Homoptera in North 
Carolina,’’ Z. P. Metealf, Agricultural and Me- 
chanical College, West Raleigh. 

‘*The Chestnvt Bark Disease,’’ S. C. Bruner, 
Agricultural and Mechanical College, West Raleigh. 

‘*Serum-simultaneous Method of Immunizing 
Hogs against Cholera,’’ W. C. Chrisman, State 
Department of Agriculture, Raleigh. 

‘*Behavior of the Spermatozoa of the Crab,’’ 
Raymond Binford, Guilford College. 

‘*The Granville Tobacco Wilt Problem,’’ H. R. 
Fulton, Agricultural and Mechanical College, West 
Raleigh. (Read by 8S. C. Bruner.) 

‘*The Swamp Lands of Eastern North Caro- 
lina,’’ J. H. Pratt, State Geological Survey, 
Chapel Hill. 

‘*The Influence of Environment on Reproduc- 
tive Processes,’’ W. C. Coker, University of North 
Carolina, Chapel Hill. 

‘*Survivals and Adaptations along the South 
Atlantic Coast: A Study in Anthropogeography,’’ 
Collier Cobb, University of North Carolina, Chapel 
Hill. (Read by title.) 

‘*A New Interference Apparatus’’ (with a dem- 
onstration), C. W. Edwards, Trinity College, Dur- 
ham. 

‘*The Closing Up of Lake Basins in Massachu- 
setts, Michigan and North Carolina,’’ Collier 
Cobb, University of North Carolina. (Read by 
title.) 

E, W. GuDGER, 
Secretary 
STaTE NORMAL COLLEGE, 
GREENSBORO, N, C, 


SOCIETIES AND ACADEMIES 
THE ACADEMY OF SCIENCE OF ST. LOUIS 


AT the meeting of the academy on March 3, 
Dr. R. J. Terry, of the Washington University 
Medical School, read his second paper on ‘‘ The 
Development of the Cranium in Mammals.’’ 

Dr. Terry stated that Weiss’s study of the 
occipital region of embryos of white rats revealed 
the fact that the dens epistrophei in these animals 
is composed of two elements, the one generally 
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recognized as comparable with a centrum for the 
atlas, the other lying cephalad of this and forming 
the extremity of the dens. The latter is derived 
by independent chondrification in the tissue about 
the notochord cephalad of the atlas and where the 
former crosses the dorsal surface of the basal 
plate of the cranium. Weiss regarded this cephalic 
element as representing the centrum of an oc- 
cipital vertebra or a proatlas. 

The presence of an element in the dens epis- 
trophei of cat embryos has been observed devel- 
oping cephalad of the component identified as the 
centrum of the atlas and extending upon the basal 
plate of the cranium. This component is derived 
from the mesenchyma which, in the form of a cone 
traversed by the notochord, extends from the level 
of the atlas cephalad upon the basal plate and 
there lies in a deep median groove. Chondrifica- 
tion in this part of the dens occurs later than in 
that part related to the atlas, but the two processes 
appear not to be entirely distinct. 

At the meeting of April 21 Professor R. A. 
Hall, of Washington University, stated to the 
academy that he had succeeded in preparing neu- 
tral tri-ammonium citrate in commercial quantities. 

Professor Hall described a method in which 
neutral tri-ammonium citrate was prepared by 
passing an excess of dry ammonia gas into a well- 
cooled solution of the water-free citric acid in an 
anhydrous solvent.t The yield is quantitative. 
Tri-ammonium citrate thus prepared is a stable, 
white crystalline substance, not hygroscopic and 
not affected by the CO, of the atmosphere. It 
dissolves readily in water and the freshly-prepared 
solution is neutral to sensitive litmus, azolitmin, 
corallin, methyl red, ete. Rigorous analyses of 
both the ammonia and the citrate content of the 
salt show it to be the tri-ammonium citrate. 
Further investigation of its physical-chemical 
properties is being made. 

As the method of preparation is simple and 
inexpensive and the yield good, it is evident that 
this means a solution of the difficult problem of 
the fertilizer chemist in the preparation of neutral 
ammonium citrate solution for the determination of 
the insoluble phosphoric acid in fertilizer analysis. 

G. O. JAMES, 
Corresponding Secretary 


‘This body was first prepared by this method 
two years ago at the time of the investigation of 
the conductivity method of preparing neutral am- 
monium citrate solutions, but a press of other 
research prevented its analysis and complete iden- 
tification until the present time. 
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Fripay, June 27, 1913 


SINGLE Copies, 15 Crs. 
ANNUAL SUBSCRIPTION, $5.00 
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NEW CONVERTIBLE 
Bausch Lomb Balopticon 


In its Simplest Form Provides for 
Lantern Slide and Opaque Projection 


Can be easily built up, as illustrated 
for all other forms—microscopic, 
vertical and polariscopic—with 
quick and convenient interchange 
from one to another. 


Opaque objects of widely varying 


size and shape can be placed in hori- 
zontal position and surfaces 8-inch 
square projected brilliantly—Lamp 
house tilts (see dotted lines in illus- 
tration) to throw light directly on 
object, giving maximum illumination 
for single lamp. 


Write for literature or further information 


Bausch £9 Jomb Optical ©. 


552 ST. PAUL STREET ROCHESTER, N.Y. 


New York Washingtor 
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Publications of the 


Cambridge University Press 


ENGLAND 
Collected Papers in Physics and Engineering 
By James Tuomson, D.Sc., LL.D. $4.50 net. 
Statics 
By Horace Lams, Sc.D., LL.D., F.R.S. $3.25 net. 
Map Projections 
By Artruur R. Hinks, M.A. $1.50 net. 


The Philosophical Works of Descartes 


Rendered into English by Exizasperu S. Haupang, LL.D., and G. T. 
Ross, M.A., D. Phil. In Two Volumes. - - Each $3.50 net. 


The “ethod of Archimedes 


Recently discovered by Herpere, edited by Str Tuomas L. HEatu, 
K.C.B., Se.D., F.R.S. - - - 75c net. 


Scientific Papers 
By J. Y. Bucuanan, M. F. Wie maps, charts and 
diagrams ~ - $3.25 net. 


Matrices and Determinoids. Volume I. 


By C. E. Cuuuis, M.A., Professor of Mathematics in the Presidency 
College, Calcutta. 


University of Calcutta Readership Lectures. Volumel. Price $7.00 net. 
Principia lathematica. Volume Ill. 
By A. N. W Se. F. S., BERTRAND RussEtu, M.A., 
F.R.S. - - Price $6. 75 net. 


Catalogs sent on request 


G. P. PUTNAM’S SONS 


American Representatives 
NEW YORK LONDON 


2-4-6 West 45th Street 24 Bedford Street 
27-29 West 23d Street Strand 
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| Important New Macmillan Publications | 


The Depths of the Ocean 


By Sir JOHN MURRAY, K.C.B., F_R.S., eto.,of the “‘Challenger’’ Expedition, and Dr. JOHAN 
HJORT, Director of the Norwegian Fisheries. With contributions from Professors A. Appellof, 
H. H. Gran, and Dr. B. Helland-Hansen. 

A general account of the modern Science of Oceanography based largely on the scientific re- 
searches of the Norwegian steamer ‘‘ Michael Sars”’ in the North Atlantic during 1910. Hand- 
somely illustrated with photographs, plates, maps, charts of the ocean depths, etc. Cloth, 8vo, 


$7.50 net ; postpaid, $7.84. 
Meteorology 


By W. I. MILHAM, Professor of Astronomy in Williams College ; Author of ‘‘ How to Iden- 
tify the Stars,’’ etc. This volume explains in clear, untechnical language the entire mechanism 
controlling our ever changing weather, and is of especial value as a text-book in meteorological 
courses. Cloth, 8v0, $4.50; postpaid, $4.73. 


Earth Features and Their Meaning 


By WILLIAM HERBERT HOBBS, Professor of Geology in the University of Michigan ; 
Author of ‘‘ Characteristics of Existing Glaciers,’’ etc. Places before the general reader and 
student the geological meaning of landscapes, with an unusual number of appropriate illustra- 


tions. Cloth, $3.00 net ; postpaid, $3.24. 
By the same Author. 


Characteristics of Existing Glaciers 


Illustrated by 34 plates and 140 text-figures. Cloth, 8vo0, $3.25 net; postpaid, $3.47. 


College Zoology 


By ROBERT W. HEGNER, Ph.D., Assistant Professor of Zoology in the University of 
Michigan. A text for students in universities and colleges or for the general reader who wishes 
to gain a more comprehensive view of the animal world. Jilustrated. Cloth, 12mo, $2.60 net ; 


sores Methods of Organic Analysis 


By HENRY C. SHERMAN. Ph.D., Professor of Food Chemistry in Columbia University; 
Author of ‘‘ Chemistry of Food and Nutrition.’’ The second edition, rewritten and enlarged. 


Illustrated. Cloth, 8vo, $2.40 net ; postpaid, $2.60. 


The Calculus 


By ELLERY WILLIAM DAVIS, Professor of Mathematics, University of Nebraska. an im- 
portant work presenting as many and as varied applications of the Calculus as it is possible to do 
without abandoning an orderly presentation of principles. Cloth, 12mo, $2.00 net; postpaid, $2.18. 


A Treatise On Hydraulics 


By WILLIAM CAWTHORNE UNWIN, LL.D., F.R.S., Emeritus Professor of the City and 
Guilds (Engineering) College, M. Inst. Civil Engineers, Hon. M. Inst. of Mechanical Engineers, 
Foreign Hon. M. Am. Academy of Arts and Sciences, M. Inst. of Electrical Engineers. Cloth, 


8vo, $4.25 net; postpaid, $4.45. 


--66 5th Avenue 


— THE MACMILLAN COMP ANY 8 New York 
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Puget Sound Ma Marine Biological Laboratory 


Tenth Annual Session, June 23 to Aug.1, 1913 WOODS HOLE, MASS. 
A well equipped laboratory in the midst of a rich and 
little known region. INVESTIGATION Facilities for research in 
Instruction Research Collecting Supply Department TO OCTOBER 1 
For further information address the director, tories, $100 each ioe the Saino, 
TREVOR KINCAID Twenty tables are available for be- 
University of Washington Seattle, Wash. Work under the direction of neue 

ELEVENTH EDITION 


THE MICROSCOPE, INSTRUCTION Courses of laboratory instruction 


ith | ffered - 
an introduction to Microscopic Methods and to Histology. by jyL_y 2 TO AUGUST 12, naan ede, oe ee 


S1mON HENRY GaGE of Cornell University. The llth edition 
has eight pages of new matter and corrections, otherwise it is 1913 gy 
like the 10th ed. Price $2.00 postpaid. logy and Ecology of Marine Strand 


COMSTOCK PUBLISHING CO., Ithaca, N. Y. and Bog Vegetation. Each course 


requires the full time of the 
student. Fee, $50.00. A lecture 


ROMEIKE’S course on the Philosophical As- 
pects of Biology and Allied 
Sciences is also offered. ¢ 


PRESS Cc LIPP INGS SUPPLY Animals and plants, preserved, 


living, and in embryonic stages. 


are now an absolute necessity for every scientific man. DEPARTMENT ally 


By methodical searching through the most important OPEN THE ENTIRE worts and Mosses furnished for 
papers and periodicals published in this country and | YEAR classwork, or for the museum. 
abroad we are able to supply you at short notice with | oo oe ae 
information on any subject which perhaps you would | i 

| 


logical and Botanical material 
be unable to find yourself in libraries or reference sent on application. State which 


is desired. For price lists and all 


books after spending days or even weeks at such a 
° inf tion ding material, 
task. Write for further information. 
GEO. M. GRAY, Curator, Woods Hole, Mass. 
HENRY ROMEIKE, Inc. The annual announcement will be sent on application to 


590-552 West 26th St. 


By J. McKeen Carre tt, Professor of Psychology in Colambia University 

Together with a series of Two Hundred and Ninety-nine Unsigned Letters by Leading Men of Science 
holding Academic Positions and Articles by Josmra Jastrow, Grorcs T. Lapp, Joan J. Stevenson, J. E. 
Cretestron, J. McKeen Carrect, M. Srratrron, Stewart Paton, Joun Jay Caapman, James P, 
Mowros and Jacos Goutp ScuurmMan. 

A great variety of questions concerning general university administration are dealt with in an original and 
heipful way.—Nature. 

These quotations and examples are taken from Professor Cattell’s informed and thorough discussion of the 
subject of university control, a subject upon which he has had much to say of late, finding occasion for caustic 


criticism of existing American conditions, and standing as the champion of an academic democracy and a teach- 
ing profession upon which a man may enter without forfeiting his self-respect.—The Dial. 


Sentences and paragraphs that betoken the expert, highly-trained mind, the suggestions that come to re- 
fresh a d tell us that a new day is about to dawn in educational writing.—The Boston Evening Transcri pt. 


SCIENCE AND BDUCATION 


A series of volumes for the promotion of scientific research and educational progress 

VOLUME I. The Foundations of Science. By H. Porvcaré. Containing the authorized English translation 
by Gsores Bavce Hatsrap of “Science and Hypothesis,” “The Value of Science,’ and “ Science 
and Method.’’* In Press. 

VOLUME II. Medical Research and Education. By Ricaarp M. Psarce, Wmuum H. Wetics, W. H. 
Howeut, Fraancucw P. Matyi, Leweutys F. Barker, Caartes S. Minot, W. B. Cannon, W. 
CouncrtMaNn, Smrra, G. N. Srewart, C. M. Jackson, E. P. Lyon, James B. Huraicx, 
M. Donson, C. R. W. Orntxs, S. J. James Ewrna, W. W. Keun, Henry H. Donatp- 
son, A. Herter, and Henry P. Bowvrrcs. In Press. 

VOLUME III. University Control. Now Ready. Pages z+484. Price, $8.00 net. 


GARRISON, N. Y. THE SCIENCE PRESS LANCASTER, PA. 
SUB-STATION 84, NEW YORK CITY 


? The Director, Marine Biological Laboratory, Woods Hole, 
York City | 
University Control 
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Important Books in Science 


The Mechanistic Conception of Life. Biological Essays by Jacques Logs, Head of the Department 
of Experimental Biology, Rockefeller Institute for Medical Research. 238 pages, 12mo cloth : 
postpaid, $1.65. 

The achievements of Professor Jacques Loeb in the field of experimental biology ensure any book 
of his a wide reading. His experimental work at the universities of Chicago and California, as well as 
in his present position, gives this volume an especial significance. Professor Loeb here discusses many of 
the current problems in biology, including the question whether the phenomena of Life can be unequivo- 
cally explained in physico-chemical terms. 

Johns Hopkins Hospital Bulletin. All eager to know more of the origin of life will find no modern 
book of its size nearly so instructive or inspiring. 


Heredity and Eugenics. By M. Courter, E. Caste, Epwarp M. East, Winuram L. 

Tower, and CuHarLes B. Davenport. 312 pages, 8vo, cloth ; postpaid, $2.70. 

Leading investigators, representing the University of Chicago, Harvard University, and the Car- 
negie Institution of Washington, have contributed to this work. Great care has been taken by each con- 
tributor to make clear to the general reader the present position of evolution, the results of experiments 
in heredity in connection with both plants and animals, and the enormous value of the practical applica- 
tion of these laws in breeding and in human eugenics. The volume is profusely illustrated. 

British Medical Journal. Those who are desirous of arriving at an estimate of the present state of 
knowledge in all that concerns the science of genetics, the nature of the experimental work now being 
done in its various departments, . . . and the prospects, immediate and remote, of important practical 
applications, cannot do better than study Heredity and Eugenics. 


The Study of Stellar Evolution. An account of Some Modern Methods of Astrophysical Research. 
By Greorce Euutery Hane, Director of the Solar Observatory of the Carnegie Institution, Mount 
Wilson, California. 250 pages, 104 plates, Svo, cloth; postpaid, $4.27. 

This highly successful volume explains for the general reader how the life-histories of the sun and 
stars are investigated. A brief historical sketch of the general purposes and methods of astrophysical 
research is followed by several chapters on the sun. An account of the spectroheliograph, which gives 
pictures of the sun, showing the flocculi—invisible clouds of calcium or iron vapor, or of hydrogen gas— 
introduces a series of chapters describing recent methods of solar and stellar research at the Yerkes and 
Mount Wilson observatories. 

Over one hundred remarkable plates, made from the best astronomical negatives, give the most 
recent results in celestial photography. 

Physical Review. The author writes of problems to whose solution he has himself made important 
contributions, of instruments which he has designed, or of investigations with which he has a thorough 
personal familiarity. This fact gives to the book a character and charm that are rarely met with. 

Nature. The one hundred and four full-page reproductions of actual photographs, which are 
bound up at the end, form by far the finest collection of general astronomical pictures ever yet published 
in a single volume. 


STANDARD LABORATORY MANUALS 


Methods in Plant Histology. With Illustrations. By Cartes JosepH CaaMBERLAIN, Associate 
Professor of Botany in the University of Chicago. 272 pages, 8vo, cloth; postpaid, $2.39. 
Education. It is an excellent book for the individual worker and for classes in colleges. : 

Animal Micrology. By Micuaet F. Guyer, Professor of Zoology in the University of Cincinnati. 
250 pages, 8vo, cloth: postpaid, $1.88. 

Science. A concise, eminent!y practical, and well-classified treatment. , : 
A Laboratory Guide in Bacteriology. By Paci G. Heinemann, Instructor in Bacteriology in 

the University of Chicago. 216 pages, 12mo, cloth; postpaid, $1.59. 

American Journal of Medical Sciences. A book such as this must facilitate very greatly the prac- 
tical class work, for which it is most excellently adapted. ‘ nb: : 
Neurological Technique. By Invinc Harpesty, Professor of Anatomy in Tulane University. 

196 pages, 8vo, cloth ; postpaid, $1.59. 

British Medical Journal. The instructions are thoroughly practical. 

Laboratory Outlines for the Study of the Embryology of the Chick and the Pig. By Fran« 
R. Lituie, Professor of Embryology in the University of Chicago. 48 pages, paper; post- 

aid, 27 cents. 

rn valuable contribution toward the establishment of a standard of embryological work for students 


generally, and for others desiring a convenient guide to the order of study of this subject. 


THE UNIVERSITY OF CHICAGO PRESS 
Chicago, Illinois 


— AGENTS — 
Bak The Cambridge University Press, London and Edinburgh 
Kort Ww. g The Maruzen-Kabushiki-Kaishe, Tokyo, Osaka, and Kyoto 
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A Helpful Book 


A Practical Course in 
Botany 


By E. F. ANDREWS, formerly Instructor in Botany, 


High School, Washington, Ga., and Wesleyan 
College, Macon, Ga, 


Price, $1.25; with Flora, $1.50 


This textbook for secondary schools brings the 
study of botany into clese touch with the practical 
business of life by emphasizing its relations with 


agriculture, economics, and sanitation. The —_— 


matter is arranged in the Datura] order of develop- 
ment, the seed, its germination and growth, being 
treated first, and this followed by the study of roots, 
the stem, buds and branches, the leaf, the flower and 
the fruit. The two final chapters of the book are de- 
voted to the relation of the plant to its surroundings, 
and to the consideration of a few typical crypto- 
gams. Technical language is used only when de- 
manded by scientific accuracy. The work does not 
require a complete laboratory equipment, and al) 
the experiments can easily rformed by the 
pupils themselves. The illustrations are frequent 
and accurate 


American Book Company 


New York Cincinnati Chicago 


Textbooks 


in Astronomy 
For High Schools and Colleges 


Byrd: Laboratory Manual in Astronomy............ $1.25 
Greene: Introduction to Spherica] and Practical 
1.50 
Whiting: Daytime and Evening Exercises in 
.75 
Willson: Laboratory Astronomy ....................... 1,25 
Young: Elementsof Astronomy. With Uranog- 
Young: General 2.75 
Young: Lessons in Astronomy. (Revised Edi- 
tion.) Including Uranography ................. 1,25 
Young: Mavua) of Astronomy........................... 2.25 


GINN & COMPANY 
Boston New York Chicago London 
Atlanta Dallas Columbus 
San Francisco 


Just 


REVIEW OF THE 


PRIMATES”’ 


By DANIEL GIRAUD ELLIOT 


A Monographic treatise in 3 Quarto Volumes con- 
taining 1360 pages, 28 colored plates and 215 half- 
tone figures. 


Bound in paper........ sogvecoens $35.00 per set 
Bound in 
A limited subscription edi- 

tion in full morocco......... 60.00 ** * 


For sale at the Library 
of the 


American Museum of Natural 
History 
NEW YORK CITY 


Internationale Monatsschrift 


fur 


Anatomie und Physiologie 


Associate Editors 


C. ARNSTEIN in Kasan. A. MACALISTER in Cambridge, 
S. RAMON Y CAJAL in Madrid, G. RETZIUS, in Stockholm 
G. GOLGI in Pavia, E. A. SCHAFER, in Edinburgh, 
S. LASKOWSKI, in Geneva, L. TESTUT, in Lyons 
Editors 
Professor FR. KOPSCH Professor R. R. BENSLEY 
Berlin Chicago 


Publishing House of George Thieme: Leipzig 
Agents for the United States: The Univ. of Chicago Press 


In order to place more at the disposal of American 
investigators the facilities of this journal for the publication 
of scientific articles requiring illustrations of high grade, 
the publishers have appointed an American editor. They 
invite the interest and cooperation of American Anatomists 
and Physiologists. 

Articles written in German, English, French, Italian or 
Latin will be published in those languages. Contributions 
should be sent to R. R. Bensley, Univ. of Chicago, Chicago, Ill, 

For every 32 pages of text the publishers will allow one 
full page lithographic plate. Additional illustrations will 
be furnished at the European cost. 

Each contributor will receive, free of charge, fifty (50) 
reprints. If a large number is required, they will be fur- 
nished at cost. 

Inquiries, requests for sample copies, and subscriptions, 
should be sent to the American Agents 


The University of Chicago Press 


Chicago, Illinois 
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Cornell University Medical College 


Entrance I. Graduates of approved Colleges or 
Requirements Scientific Schools, or 
IL, Seniors in such Colleges on condition 
the candidate presents the Bachelor's degree 
before seeking admission to the second year 
in medicine; or 
III. Those presenting the full equivalent 
of the above as determined by examination. 
IV. All candidates must present evidence 
of having pursued major courses in general 
inorganic chemistry, with qualitative and 
analysis, Physics and Biology. covering at 
least @ year's instruction with laboratory 
work in each subject. 
Curriculum trance requirements. First Year devoted to 
Organic and Physiological Chemistry, Anat- 
omy and Ph pee Medicine, Surgery, 
Obstetrics and Pathology begun in the seco 
year and laborato Pharmacology com- 
instruction 


Didactic and laborato 
all clinical subjects completed in the early 
part of the fourth year and followed by 21 
consecutive weeks of all day bedside instruo- 
tion in hospital wards. 

Session opens the last Wednesday in Sep- 
tember and closes the second week in June, 

Class divided into sections of 5 to 10 
students each for clinical instruction in dis- 

nsary and hospital. Systematic daily con- 

rences with teachers at the bedside and in 
the laboratory form the main,jplan of 
instruction. 

The first year in medicine may be taken 
either at New York City or at Ithaca, later 
years only at New York City. 


For further particulars apply to the 


Dean, Cornell University Medical College 
28th Street and First Avenue NEW YORK CITY 


Graded to take advantage of advanced en- | 


HARVARD 
MEDICAL SCHOOL 


Course for the Degree of M.D. 4 four year course 
is open to holders 


of a bachelor’s degree from a recognized college or scientific 
school, who have had sufficient training in chemistry, 
physics, and zoology, and to persons who have had two 
years of college work including one year in the pre-medica} 
sciences. The studies of the fourth year are wholly elective: 
they include Jaboratory subjects, general medicine and 
surgery and the special clinical brauches. The school year 
extends from the Monday before the last Wednesday in 
September to the Thursday before the last Wednesday in 
June, 


Course for the Degree of Dr. P.H, “r=duates in 


medicine and 
other properly qualified persons may become candidates for 
the degree of Doctor of Public Health. 


Graduate School of Medicine 
Graduate Instruction on a University Basis 


Courses are given throughout the year inall clinicaland 
——— laboratory subjects. 


Instruction will be as thorough and scientific as in the 
Medical Schoo! proper. Elementary and ad- 
vanced courses. Research courses for qualified students, 


Students 


admitted at any time and for any length 
tudy, 


FOR INFORMATION ADDRESS 
Harvard Medical School, Boston, Mass. 


JOHNS HOPKINS UNIVERSITY 
MEDICAL DEPARTMENT 


The Medical School is an Integral Part of the University 
and isin Close Affiliation with the Johns 
Hopkins Hospital 


ADMISSION 

Candidates for admission must be graduates of approved 
colleges or scientific schools with at least one year’s instruc- 
tion, including laboratory work, in physics, chemistry, and 
biology, and with evidence of a reading knowledge of 
French and German. 

In order to afford requisite opportunities, the number of 
students in each class is limited to 90, Men and women are 
admitted on the same terms. 

If vacancies occur. students from other institutions de- 
siring advanced standing may be admitted to the second or 
third year, provided they fulfill all of our requirements and 
present exceptional qualifications. 


INSTRUCTION 

The academic re begins the first Tuesday in October and 
closes the second Tuesdey in June. The course of instruc- 
tion occupies four years, and especial emphasis is laid upon 
practical work in the laboratories,}in the wards of the Hos- 
pital and in the Dispensary. 

TUITION 

The charge for tuition is $240 per annum, payable in three 
instalments. There are no extra fees except for rental of 
microscope, certain expensive supplies, and laboratory 
breakage. 

Summer Work For Graduates in Medicine 

Beginning June Ist, courses in Medicine, Surgery, and 
various specialties, as well as in several of the underlying 
scientific branches, will be available for graduates in Medi- 
cine. These courses will extend over six weeks and are 


fully described in a special circular. 


The annual announcement, application blanks, and cir- 
cular describing graduate courses may be obtained by 
addressing the 

Dean of the Johns Hopkins Medical School 


Washington and Monument Sts. 


Baltimore, Maryland 


THE COLLEGE MEDICINE 
NIVERSITY 


TULANE 
OF LOUISIANA 


DEGREES IN PHARMACY 
CERTIFICATES FOR GRADUATE WORK 


Clinical 


N MEDICINE 


Equipment complete in all Departments. 
opportunities unexcelled 


SUMMER SCHOOL OF MEDICINE JUNE TO OCTOBER 


Opportunities for research afforded at all times of 
the year 


ALL SCHOOLS OPEN OCTOBER | 
Address 


Tulane College of Medicine 


P. O. Drawer 261 
New Orleans, Louisiana 


| 
| DEGREES | 
DEGREES IN PUBLIC HEALTH 
DEGREES IN TROPICAL MEDICINE ic 
DEGREES IN DENTISTRY 
a4 
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1765 SCHOOL OF MEDICINE OF THE UNIVERSITY OF PENNSYLVANIA 1913 


on Ons Bunteee Forty-Eighth Annual Session of this institution will open September 26, 1913, and continue 
un une 17, 7 

REQUIREMENTS FOR ADMISSION: Candidates must have successfully completed work equiva- 
lent to that prescribed for the Freshman and Sophomore Classes in colleges recognized by this University, which must in- 
clude collegiate courses in Physics, General Biology or Zoology and Chemistry (Qualitative Analysis is required ; Or- 
ganic Chemistry is recommended), together with a4 eee laboratory exercises in each of these subjects, and two 
languages other than English (one of which must be French or German.) For detailed information send for catalogue. 

Certificates from recognized colleges covering these requirements will be accepted in place of an examination. 

UNDERGRADUATE COURSE: The course of instruction extends over four annual sessions, the work 
so graded that the first and second years are largely occupied by the fundamental medical subjects. The third and 
fourth years are largely devoted to the practical branches, prominence being given to clinical instruction, and the classes 
sub-divided into small groups so that the individual students are brought into particularly close and personal relations 
with the instructors and with the patients, at the bedside andin the operating room. It is strongly recommended that 
after graduation further hospital work be undertaken by the members of the class; and more than 90 per cent. attain 
by competitive examination or by appointment positions as internesin hospitalsin this city or elsewhere. 


POST-GRADUATE WORK: (1) Any graduate possessing a baccalaureate degree may pursue work in 
Anatomy, Physiology, Physiological-Chemistry, Bacteriology, Pathology, Neuropathology, Pharmacology, Research 
Medicine and Mental Diseases with view of obtaining the higher degrees of Master of Arts or Science and of Doctor of 
+. in the Graduate School of the University. For information address Dean of Graduate School, University 
ennsyivania. 

(2) Courses in Public Health (inaugurated in 1906), leading to diploma (Doctor of Public a Dr.P.H.) are 
open to graduates in Medicine. The subjects gy in the course are: Bacteriology, Medical Protozoology 
and Entomology, Chemistry, Sanitary Engineering, Sanitary Architecture, Meat and Milk Inspection, School Inspec- 
tion, Vital Statistics, Sanitary Legislation, and Personal and General Hygiene. 

The full course extends over one academic year. Special subjectsin the course may be taken by any one possess- 
ing suitable preliminary qualifications. For details address Director of Laboratory of Hygiene. 

(3) From the opening of each term to about February 1 courses in Tropical Medicine are open to gradutes in 
medicine comprehending instruction in Medical Climatology and Geography, Hygiene of Tropics and of Ships, Tropical 
Medicine, Bacteriology, Protozoology, Entomology, Helminthology and General Medical Zoology, Pathology, Skin 
Diseases, Eye Diseases, and Surgery of Tropical Affections. : P 

(4) During the academic session special courses in any of the branches of the medical curriculum are open to 
graduates of this or other regular schools of Medicine, both in the clinical subjects and in laboratory studies. The 
excelicnt hospital facilities offered by the University Hospital, the neighboring Philadelphia General Hospital and other 
— with which the members of the staff of instruction are connected, guarantee exceptional opportunities for 
clinical observation. 


TUITION FEE: Undergraduate study, $200 annually; fees for special courses on application. For detailed 


nfor mation or catalogue address 
DEAN OF SCHOOL OF MEDICINE 
UNIVERSITY OF PENNSYLVANIA PHILADELPHIA, PA. 


NORTHWESTERN UNIVERSITY 
MEDICAL SCHOOL 


This was one of the first American schools to enforce a standard of preliminary education ; 
to adopt longer annual courses of instruction ; and to initiate, in 1859, the graded curriculum, in 
which the studies were assigned in logical order, and in which laboratory departments prepared 
the way for the practical clinical branches. The student advances from the fundamental laboratory 
work to clinical, bedside subjects. Seven Chicago hospitals are open to students. 


Throughout the courses the classes are limited in size, a matter of great advantage to the 
student as it gives him the privileges of personal instruction. The sections of classes are sufficiently 
small to give each student an opportunity to take for himself, under the personal supervision of his 
teacher, every step in the technique of laboratory and clinical courses. 


Tuition $175. Allapplicants are required to present credit for 2 years in an approved college. 


A six year combined course leading to a degree in both Science and Medicine is afforded this 
work at Evanston and Chicago. 


For further information, Book of Courses, Views of Evanston Campus, write 


C. W. PATTERSON, Registrar 
2430 Dearborn St. CHICAGO, Illinois 
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University of Alabama 


School of Medicine 
Mobile, Alabama 


Next Session opens Sept. 22nd, 1913, and 
closes May 29th, 1914. 

Entrance Requirement. After January 1, 
next, the minimum requirement for admission 
will be one year of college work in Chemistry, 
Biology, and Modern Languages, in addition 
to the usual four year high school course. Be- 
ginning Jan. Ist, 1915, two years of college 
work will be required. 

Course of Instruction. Four years graded 
course, first two years in well equipped labora- 
tories, under full time instructors ; last two 
years devoted to hospital clinics and section 
work in medicine, surgery and the specialties. 


Fees. $150.00 per session. 


The Department of Pharmacy offers a standard 
two years course leading to the degree of Ph.G. 


For copy of the annual announcement and any 
desired information, address 
Dr. Eugene D. Bondurant, Dean 
School of Medicine 


St. Anthony and Lawrence Sts., 
MOBILE, ALA, 


| Syracuse University College of Medicine 


: h science in a register college or 
Requirements School of Science, which must include 


Latin, German, Physics, Chemistry and 
Biology. Six and seven years’ combina- 
tion courses are recognized. 


The First Two 
Years 


The Third Year 
Course 


are #pent in mastering by laboratory 
methods the sciences fundamental to 
clinical medicine. 


is systematic and clinical and is devoted 
to the study of the natural history of 
disease, to diagnosis and to therapeutics. 
In this year the systematic courses in 
Medicine, Surgery and Obstetrics are 
completed. 


is clinical, €tudents spend the entire 
forenoon throughout the year as clinical 
clerks in hospitals under careful supervi- 
sion. The clinical clerk takes the history, 
makes the physical examination and the 
laboratory examinations, arrives at a di- 
agnosis which he must defend, outlines 
the treatment under his instructor and 
obeervesand records theresults. In case of 
operation or of autopsy he follows the spe- 
cimen and identifies its pathological na- 
| ture. Two general hospitals, one special 
hospital and the municipal hospitais and 
laboratories are open to our students. The 
practical course in Hygiene and Preven- 
tive Medicine,carried on in the municipal 

laboratories and hospital and in Publie 
| Health Field Work, occupies one sixth of 

the mornings. The afternoons are spent 
in the College Dispensary and in clinical 


The Fourth 
Year Course 


work in medical and surgical specialties 
and in conferences, 


Address the Secretary of the College, 
307 Orange Street, Syracuse, Y. 


The University of Washington 


Pittsburgh 
THE SCHOOL OF MEDICINE 


Two full years of recognized college work, inclu- 
ding courses in Physics, Chemistry, Biology and a 
Modern Language other than English is required for 
admission, in addition to the four-year high school 
State law requirement. 


The curriculum permits of an arrangement 
whereby students may receive two degrees, B.S. and 
M.D., in six years. 


A thoroughly equipped new laboratory building 
has been erected upon the university campus. Clin- 
ical work in small sections in affiliated Pittsburgh 
Hospitals. Required work includes residence in 
Maternity Hospital, with board and room furnished. 


For bulletin and information, address, 
THOMAS SHAW ARBUTHNOT, [1.D., Dean 
Grant Boulevard, Pittsburgh, Pa. 


‘University Medical 
School 


REQUIREMENTS FOR ADMISSION 
Candidates for entrance are required to have completed 
at least two full years of college work which must include 
English, German, and instruction with laboratory work in 
Physics, Chemistry and Biology. 


INSTRUCTION 

Instruction begins Thursday, September 25, 1918, and 
ends Thursday, June 11, 1914. 

Clinical instruction is given in the Washington Univer- 
sity Hospital, controlled by Washington University, in the 
Saint Louis Children’s Hospital, in the Mullanphy Hospital 
and in the dispensaries connected with these institutions. 
During the session of 1913-14 the Medical] School will move 
to its new buildings immediately adjacent to the Barnes 
Hospital and the St. Louis Children’s Hospital which are 
affiliated with the Medical School. 


COURSES LEADING TO ACADEMIC 


DEGREES 


Students in Washington 
in the fundamental medical sciences le 
of A.M., and Ph.D. 


GRADUATE INSTRUCTION 


Summer courses for physicians in medicine, surgery, 
obstetrics, various specialties, pathology, bactericlcey, 
and metabolic chemistry, are given from June 2d to July 2d. 


TUITION 
The tuition fee for undergraduate medical students 


is $150 per annum. 
The catalogue of the Medical School may be obtained 


by application to the 
Dean of the Washington University | 
Medical School, 
1806 Locust Street Saint Louis, Missouri. 


may pursue study 
ading to the degree 


- 
| 
| 
| 
i 


SCIENCE—ADVERTISEMENTS 


SCIENCE 


& WEEKLY JOURNAL DEVOTED TO THE 
ADVANCEMENT OF SCIENCE 


Entered in the post-office at Lancaster, Pa., as second | 


élass matter. 


TERMS OF SUBSCRIPTION 
Five dollars annually in advance: single copies, 15 


cents. Subscriptions, changes of address and adver- | 


tisements should be sent to Screncr, 41 North Queen 
Street, Lancaster, Pa., or Sub-station 84, New York, 
or Garrison, N. Y. 


ADVERTISING RATES 
$18 
Preferred position............. 27 
Outside cover 3b 
DISCOUNTS 
48 pp...... 40 per cent. 2 pp....25 cents. 


Published every Friday by 


THE SCIENCE PRESS 


Lancaster, Pa. 
Sub-Station 84: New York 


Western Reserve 
University 
School of Medicine 


An endowed school founded in 1843 ad- 
mitting only college graduates or seniors in 
absentia. Large individual opportunity, ex- 
tensive equipment and clinical facilities. Con- 
trols hospital privileges with 14,000 patients 
annually and dispensaries with 80,000 visits 
annually. 


Over 90 per cent. of graduates of recent 
years have received and taken hospital appoint- 
ments. But one failure before any state 
board from past nine classes. Optional Fifth 
Year leading to A.M. in Medicine. 


For catalogue and information address 


The Secretary 
1353 East 9th st. Cleveland, O. 


Garrison, N. | 


The Davy Faraday 
Research Laboratory 


OF 


The Royal Institution 
No. 20 Albemarle Street, London, W. 


Director 
Prof. SIR JAMES DEWAR, M.A.,LL.D.,D.Sc., F.R.S. 


This Laboratory was founded by the late Dr. Lud- 
wig Mond, D.Se., F.R.S., as a Memorial of Davy and 
Faraday, for the purpose of enabling properly qualified 
persons to conduct Chemical and Physical Research. 


Workers admitted are entitled to the use of the 
extensive chemical and physical apparatus belonging 
to the Laboratory. 


The Director may, subject to the approval of the 
Laboratory Committee, supply special chemicals, or 
authorize the Mechanician to construct special appar- 
atus for individual! investigators. 


Michaelmas Term—Monday, October 6, 
to Saturday, December 20. 


Lent Term—Monday, January 12, to 
Saturday, April 4. 


Easter Term—Monday, April 27, to 
Saturday, July 25. 


Applications for admission to the Davy Faraday 


_ Research Laboratory to be addressed to the Assistant 


Secretary, Royal Institution, No. 2i Albemarle Street, 
London, W. 


GOODE’S BASE MAPS 

For classes in geography, geology, eco- 
nomics, history, etc. 18 subjects. Two 
sizes: 8xl04in., lc; 15x104 in., 3c; pos- 
tage extra. Perforated for notebook ; suit- 
able for ink or pencil. Samples on request. 


The University of Chicago Press 
Chicago, I[linois 


é OUR 1913 CATALOG é 
Contains many new instruments, all 
illustrations, lowest prices and 


new 

valuable information of interest to every 
science instructor. Send us your name 
and address and we will send you a free 


copy. Sales Dep’t 
Carcaco Apparatus Co., Caicaco. ILL. 
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“KINO-SCIENCE” 


is an exceedingly interesting treatise on 
the inestimable vaiue of 


Kinograms 


(Motion Pictures) 
taken and rendered by the 


Ernon Kino Camera 
Motion Picture Camera. Pocket Size. 


This camera takes, prints and projects 


Price within reach of even the 
Smallest School 


ERNO KINO-APPARATUS 


(Motion PictureCamera) for microscopic work Booklet on request 
THE ERNON CAMERA SHOP 
18 West 27th St. MAX MEYER, Proprietor NEW YORK 


United States Agent for ERNEMANN CAMERAS 
the highest grade made 


“GREENOUGH LEITZ” 
Stereoscopic Image Erect- 
ing Microscopes 


Embodying a new type of construction 
providing greater stability than in all 
previously existing models. 


Rigid adjustments of microscope tubes 
with Porco Prisms are assured by the 
placing of rack and pinion independent 
of such adjustments. 


Patented Elastic Prism Mounting in 
Steel Springs—same as in our Prism Bi- 
nocular Field Glasses. 


Upper part of microscope with prism 
tubes is removable, for attachment toa 
special hard rubber foot (with indepen- 
dent rack and pinion coarse adjust- 
ment), serving conveniently in exami- 
nation of large surfaces (Dermatoscope 
Arrangement). 

Paired objectives mounted on self cen- 
tering slides, and can be adjusted rela- 
tively to each other. One objective in 
focusing mount to overcome difference 
of refraction between the observer's eye. 


The ‘‘ Greenough Leitz’ is also made 
in Folding Form, meeting a long felt 
demand of those who require this in- 
strument when inthe field. Supplied 
in a convenient sized morocco case. 


Ask for Literature 53Y 


New Y ork 
830 East 18th St. 
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CUSSONS’ 
PATENT RIBBON 


Atwood’s 
Machine 


This new type of machine 
has reinstated the importance 
of Atwood’s historic experi- 
ment and made it possible for 
students to obtain accurate and 
instructive determinations. 

A graphic record of the ac- 
celeration of a ae body is 
made on a strip of paper. 
From this is secured necessary 
data for verifying many pro- 
positions in Practical Physics. 
The movement of one lever 


sets the machine into operation 
and eliminates all lag due to 
magnetic or other releasing 
devices. Mechanically the 
machine is very well construc- 
ted and because of this, 


together with its simplicity, most excellent results 


are easily secured and duplicated. —— 


For full details of construction, and instructions 


for various experiments— 


Write for Illustrated Catalog 2M 


We are also prepared to furnish a large variety 


of Cussons’ Models and Apparatus for teaching 
Mathematics, Physics, Mechanics, etc. Write for 
further details, stating what apparatus is of 
greatest importance to you, and we will send ap- 
propriate catalogs. 


JAMES G. BIDDLE 


Sole U.S. Agents for ‘‘Cussons’ Apparatus” 
1211-13 Arch Street 
PHILADELPHIA 


When in Philadelphia be sure to visit our Permanent 
Exhibit of Scientific Apparatus. 


Zeiss Binocular 


Microscope 
WITH IMAGE ERECTING PRISMS 


diniibinaiit vision is obtained in this Microscope, 
not by a pencil of light through a single objective, 
but by a combination of two complete microscopes 
provided with erecting prisms and paired objectives, 
affording magnifications of from 8 to 72 diameters. 

The upper body of this stand is removable and by 
attaching the vulcanite fork, the instrument may be 
used as a Dermatoscope, as shown in the smaller 
cut. Withits accompanying model, Stand Xb (not 
shown in cut) for pond-life studies, botanical speci- 
mens, etc., and objects too large to be dealt with on 


the stage of Xa, this microscope has been found in- — 


valuable for a wide range of work in laboratories of 
biological sciences throughout the United States. 


We quote the lowest rates permitted by the firm 
of Carl Zeiss. 
Send for Zeiss Catalogue of 
Microscopes 


ARTHUR H. THOMAS CO. 


importers and Dealers 


MICROSCOPES, LABORATORY AP- 
PARATUS AND CHEMICALS 


West Washington Squere, 
PHILADELPHIA 
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